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INTRASPINAL LIPOMAS 

REPORT OF cases; REVIEW OF THE LITERATURE, AND CLINICAL 

AND PATHOLOGIC STUDY 

' GEORGE EHNI, 

AND 

J. GRAFTON LOVE, M.D. 

ROCHESTER, MINN. 


Masses of adipose tissue within the cranium 
and within the spinal canal not associated with 
bifid spines are rare. Intracranial lipoma, re- 
ported cases of which numbered 74 up to 1936 
(Sperling and Alpers^), rarely produces clinical 
symptoms because of its small size, and no re- 
ported tumor of this sort had been attacked 
surgically. Intraspinal lipoma is even less com- 
mon, but it frequently grows to enormous size, 
produces compression of the spinal cord and is 
surgically exposed. When it is encountered, its 
true nature is unsuspected until the yellow mass 
is visualized or, when the tumor is reddish or 
white, until histologic examination is made. Els- 
berg’s^ series of data on 267 cases of extra- 
medullary tumors, compiled in 1941, included 
6 instances of lipoma. It is probable, however, 
that the 2 tumors lying both intradurally and 
extradurally were associated with spina bifida, 
since Wolf,® in discussing what appears to be the 
same series of tumors, omitted them and noted 
tliat 1 of the 3 intradural tumors was associated 
with spina bifida. With the omission of these 2 
tumors, lipomas constitute 1.5 per cent, or less, 

* Section on Neurologic Surgery, Mayo Clinic. 

From the Section on Neurologic Surgery, the Mayo 
Clinic. 

Abridgment of thesis submitted by Dr. Ehm to the 
Faculty of the Graduate School of the University of 
Minnesota in partial fulfilment of the requirements for 
the degree of ^Master of Science in Neurosurgery. 

1. Sperling, S. J., and Alpers, B. J. ; Lipoma and 
Osteolipoma of the Brain, J. Nerv. & Ment. Dis, 83: 
13-21 (Jan.) 1936. 

2. Elsberg, C. A. ; Some Pathological Features of 
Primary and Secondary Extramedullary Tumors of the 
Spinal Cord, J. Mt. Sinai Hosp. 7:247-258 (Jan.-Feb) 

. 1941, 

3. Molf, A.; Tumors of the Spinal Cord, Nerve 
Roots and Membranes; II. Pathology, in Elsberg, C. 
A. . Surgical Diseases of the Spinal Cord, Membranes, 
and Nerve Roots; Symptoms, Diagnosis, and Treat- 
ment, New York, Paul B. Hoeber, Inc., 1941, p. 349. 


of extramedullary tumors. Steinke^ reported 
data on 330 cases of tumors of the spinal cord 
collected from various sources. Among these 
cases were 4 instances of lipoma and 2 of 
angiolipoma (1.8 per cent). VonLennep® tabu- 
lated data on 153 cases of tumors of the spinal 
cord from one clinic and included 2 cases of 
lipoma. Among 740 verified cases of tumors of 
the spinal cord data on which are in the files of 
the Mayo Clinic up to December 1942, there are 
6 instances of lipoma (0.8 per cent). An addi- 
tional tumor recently discovered brings the 
percentage to about 0.9. The over-all incidence 
appears to be close to 1 per cent of all primary 
intraspinal neoplasms. 

The problem of which tumors to exclude as 
being merely masses of fat misplaced because of 
spina bifida has been handled differently by dif- 
ferent authors. Spiller ° included 3 cases which 
others, including us, would exclude because of an 
isthmus linking the intraspinal lesion with an 
extraspinal lipoma through a variety of bony 
defects. Other investigators (Wolbach and 
Millet " ; Sachs and Fincher ®) would discard 
the case of myolipoma reported by Gowers ° 
because it is assumed that any tumor- 
bearing muscle must have come from the 
outside, despite the fact that no spina bifida 

4. Steinke, C. R. : Spinal Tumors; Statistics on a 
Series of 330 Collected Cases, J. Nerv. & Ment, Dis. 
47:418-426 (June) 1918. 

5. von Lennep, H. ; Uefaer Rfickenmarkstumoren, 
Deutsche Ztscbr. f. Chir. 160:137-140 (Nov.) 1920. 

6. Spiller, W. G. ; Lipoma of the Filum Terminale, 
J. Nerv. & Ment. Dis. 26:287-296, 1899. 

7. Wolbach, S. B., and Millet, J. A. P. : Diffuse Sub- 
Dural Lipomatosis of the Spinal Cord in an Infant, 
Boston M. & S. J. 168:681-682 (May) 1913. 

_ 8. Sachs, E., and Fincher, E. F. : Intramedullary 
Lipoma of the Spinal Cord; Complete Operative Re- 
moval, Arch. Surg. 17:829-833 (Nov.) 1928. 

9, Gowers, W. R. : Mj'o-Lipoma of the Spinal Cord, 
Tr. Path. Soc. London 27:19-22, 1876. 



Table 1. — Data on Twenty. Nm 



Tear 

Author 

Sex 

Age at 
Onset of 
Symptoms 

Duration 

Level 

Position on 
Cord 

Traversing 

Eoots 

1 

1S7G 





Conus 

Lateral half 

.interior and pos- 
terior; posterior 
roots more dis- 
organized 






2 

1884 

Braubach 

F 

14 mo. 

4 yr. 

Co to T4 

Eight posterior 
surface 

None 

8 

1SS8 

Turner == 

F 

42 yr. 

12 yr. 

Midthoracic 
portion of 
cord 

Left side 

Present 

4 

1899 

Spiller ® 

F 



Filum term- 


Pre.'ifiiit as Rmall 






inale 


bundles separate 
by fat 

5 

190G 

Hoot, E. F., cited by Bucy and 
Gustafson 

F 

2S yr. 

15 yr. 






portion of 
cord 



6 

7 

1912 

1913 

AndrS-Thomas and Jumentie 2=... 

Wolbach and Millet ’ 

M 

M 



L5 to S5 

Posterior 

Present 

Birth (?) 

10 mo. 

Entire cord; 
cauda equina 

Posterior 

Present 

8 

1918 


M 

31 yr. 

23 yr. 

Cl to C4 

Midline 

posterior 




9 

1920 

Hitter 

M 

40 yr. 

3^2 TTiO. 

Cl to T1 

Eight 

posterior 

Present, greatly 
infiltrated and 
subdivided by fa 

10 

1921 

Hftnnebfire 33 


- 


Cervical por- 

Midline 

Absent (?) 





tion of cord 

posterior 


11 

1925 

Elsberg =* t 

F 

17 yr. 

5% mo. 

CS to T2 

Lateral surface, 
anterior to 
dorsal roots 

None 

12 

1925 

Elsberg =* J 

F 

19 yr. 

3 mo. 

T2 to T4 

Lateral surface. None 
anterior to 
dorsal roots 

13 

1927 

Stookey, B.: Am. J. Bis. Child. 
36 : 1181-1203 (Deo.) 1928 

Jt 

1? yr.§ 

10 yr. 

C2 to To 

Posterior: 
more to the 
right (?) 

Present 

14 

1927 

Bielscliowsky and Valentin 

JI 

Birth (?) 

1 yr. 

Til to S4 

Posterior 

Present 

15 

1928 

Sachs and Fincher ® 

M 

43 yr. 

3 yr. 

T7 to TS 

Midline 

posterior 

None 

IG 

1928 

Fay =■ U 

F 

21 yr. 

2 mo. 

T3 to T7 

Posterior 

Present 

17 

1928 



.33 yr. 

3 yr. 

Cauda equina 


Present 





18 

19 

20 

1931 

1935 

1935 

Kernohan, Woltman and Adson** 


11 yr. 

24 yr. 

8yr. 

Gyr. 

C4 to T1 

Midccrvical 
to lumbar 

Mialine (.0 


Stotz, in discussion on Fischer, D. 
W.: Zentralbi. f. Chir. 62 : 2970 
(Dec. 14) 1935 







Cervical to 
lumbar 



21 

1936 

Dobrokhotoff, cited by Jabotin- 
ski,=a and KouraefI, cited by 
Jabotinski == 

F 

24 yr. 

m yr. 




1936 


F 

40 yr. 

iVs yr. 

C4 to T5 

Eight dorsal 

Present and 
widely separated 
by fat 




root line 

23 

1937 

Guillain, Bertrand and Salles 

F 

42 yr. 

10 yr. 

T5 to L5 

Entire dorsal 
surface 

Present and 
widely separated 
by fat 

24 

1938 

Bucy and Gustafson 

M 

1-2 yr.? 

17 yr. 

Cl to C4 

Posterior 

? 


• This information is taken from the report by Bucy and Gustafson. =» , fioberc’s book.-* 

t This is the sixth ease of extrameduliary tumor to be reported and is deseribed on page 29 of 

t This is the eighth ease of extramedullary tumor and is described on page 39 of Elsberg’s was sn, years of agi 

S A history of weakness dating back to 1915 was given to other physicians in 1919, when the pai‘ 

Tlie patient must have been bom in the latter part of 1915 and the weakness noted shortly after. 

2 



Cases of Intradural Lipomas 


Roentgenographic 

Connective Tissue Spinal Puncture Evidence Other Disorders 


Operation 


Capsule of pia; excessive 
fibrous tissue where tumor 
attached to cord; exten- 
sions into cord not prominent 

Proliferation of stroma 
with extensions into cord; 
increased nuclei 

Pia thickened and cellular; 
cellular fibrous tissue send- 
ing strands into cord 

Ko invasion of filum 


Tabes Eecropsj' 

Kecropss’ 

Obesity Necropsy 

Tabes Necropsy 


No extensions into cord 


Invasion and destruction of 
cord by fibrous tissue 

Benign fibrous extensions 
into cord; increased vas- 
cularity 

Lipomatous and “sarcoma- 
tous" extensions into cord 


Pial septum between tumor 
and cord, sending cellular 
strands into cord; embryonic 
fat forming new lobules; 
liposarcoma (?) 

Lamina of connective tissue 


Fluid xanthochromic: 
globulin present 


Fluid xanthochromic; 
globulin present 


Almost complete 
block; fluid xantho- 
chromic; globulin 
high 


next to cord; heavy strands 
penetrating cord; “prolif- 
erated endothelium” 

Some of cord substance 
came away with tumor; 
some extensions into cord 
(?) 

Stroma much more cellular 
in one photomicrograph 
than in the other 

Minimal amount in speci- 
men removed 


Thickened pia sends heavy 
processes into cord 


Denso capsule with minimal 
stroma 


Tumor fibrous; superficial 
“invasion” of cord 

Minimal stroma with few 
nuclei 

Minimal stroma with few 
nuclei 


Fibrous regions 


Fibrolipoma with 
destruction of whole 
thickness of cord 


Capsule of pia; fibrous pro- 
liferation of perineurium 
where roots enter cord 

Fibrous tissue infiltrated 
and dorsal columns 
destroyed 

Dense capsule; light stroma 


Normal fluid; steppage 
type of fall of pres- 
sure 


Fluid xanthochromic; 
protein increased; 
no block 

Nonne reaction posi- 
tive 

Fluid xanthochromic; 
globulin present; slow 
fall of manometric 
pressure 


Tumor diagnosed by 
this test, but 
results unknown 


220 mg. of protein per 
100 cc. 


Albumin content nor- 
mal; reaction for 
globulin positive; 
no block 


Tumor removed; improve- 
ment; death two years 
later, of pneumonia * 

Necropsy 


istraersnial lipoma; Necropsy 

hydrocephalus; 
absence of right 
kidney; harelip 

Subtotal removal of 

tumor; patient still 
helpless 

Kyphoscoliosis; Necropsy 

hydrocephalus 


Exploration (?); necropsy 


Kyphosis and arthritis 


Two stage removal; 
patient walking four 
years later 


Total removal in two 

stages; complete 
recovery 

Spinal canal widened Subcutaneous lipoma Partial removal; some 
(C3 to T3)ll over intraspinal improvement three years 

lesion later, then recurrence * 


Hydrocephalus; Necropsy 

hydromyelia; club- 
feet; pseudohermaph- 
roditism; cataracts 


Spine normal; pic- Total removal; death 

ture after injection eight years later of 

of iodized oil unknown cause * 

suggestive 

Spine normal Capsule incised; death in 

three months 

Descent of iodized oil Conus abnormally Partial removal; im- 
hcld up at Til high provement 


Partial removal: complete 
recovery; recurrence nine 
years later 


No block to ascent Necropsy 

of iodized poppy- 
seed oil 

No block to ascent Necropsy 

of iodized poppy- 
seed oil 


Partial removal twice 

with benefit; death from 
meningitis after third 
operation; necropsy 

Snine normal Necropsy 


Spinal canal widened 
from Ol to C3; com- 
plete block (to as- 
cent) of iodized 
poppyseed oil at Ct 


Umbilical hernia; 
pilonidal cyst; 
lipoma of neck over 
deep lesion 


Necropsy 

Subtotal removal: excel 
lent result 


10 tho^thi/dUmrSvertei^^^^^ lnoU?er*^Daney?mos?°’' vertebral canal from at least the fifth cervical 
affocted as high nAho tlird'cerrleal^ ^ different roentgenogram i= shown, in which the pedicles are shoun to be 

indien^"u*fs."'’''‘''^‘''’''^ reported in more detail by W'ilson, Bartle and Dean,<= thougli they did not 


o 


Table 1. — Data on Twenty-Nine 


Age at 
Onset o£ 

Tear Author Sex Symptoms 

25 193S Baker and Adams ’o F Birth (?) 


20 1939 Jabotinski F 3 mo. 

27 1944 Case 2, this series F 19 yr. 

28 1944 Case 3, this series M 41 yr. 

29 1944 Case 4, this series M 18 1 ’r. 


Duration 

Level 

Position on 
Oord 

Traversing 

Roots 

1 yr. 

Entire cord 

Posterior 

? 

13 yr. 

Ol to C8 

Left dorsal 
surface 

Present 

1 yr. 

T7 to Til 
✓ 

Posterior 

Present and 
■widely separated 
by fat 

2 yr. 

Tg to TIO 

Right dorsal 
roots 

Hypertrophic and 
disorganized 

4 yr. 

T6 to beyond 
07 

Eight poste- 
rior (?) 



was described by Gowers. In the collected cases 
and in the case reports to follow there is no in- 
stance of spina bifida. 

Because of the special causation of lipomas in 
the intradural region occasioned by the paucity of 
fat in this location, as contrasted with lipomas 
in the extradural situation, where fat is abundant, 
because of the structures unthin the dura likely to 
become involved in the tumor while this mem- 
brane obviates such a possibility in the case of 
tumors outside it and because it is the classic 
practice to make the separation of intradural and 
extradural tumors the first step in clinical classi- 
fication, the intradural lipomas will be considered 
apart from the extradural lipomas and the corre- 
sponding features of the two types will be har- 
monized later. 

INTRADURAL LIPOMA 

The total number of cases of intradural lipoma 
reported in narrative form is only 26. An addi- 
tional 10 or 12 cases have been merely tabulated 
in reports of series of tumors. Table 1 lists in 
chronologic order the cases previously recorded, 
together with the cases reported in this paper. 
The essential features of each case may be 
gathered from table 1, without the necessity of 
our giving a narrative description of each one. 

Frazier and Allen tabulated 4 cases of 
intraspinal lipoma, in 2 of which the growth was 
intramedullar^’’ in the cervical region and opera- 
tion was performed, occurring in a series includ- 
ing cases from the literature and personal cases 
as of May 1915 (according to Steinke,^ Avho 
collected the cases and made a separate report). 
Since no such cases had been reported by other 
authors prior to this publication, these 2 cases 

10. Frazier, C. H., and Allen, A. R. : Surgerj' of the 
Spine and Spinal Cord, New York, D. Appleton and 
Company, 1918. 


must have occurred in the personal experience of 
Frazier and Allen and never have been reported 
elsewhere. Since nothing is known of these 
cases, they are not included in the tabulation. 

Von Lennep ® had 1 instance of intradural 
lipoma among the cases which he reported in 
tabular form, but he .gave no details and we do 
not include it. 

Schmieden and Peiper-^’^ described an intra- 
medullary tumor of the spinal cord which other 
authors have accepted as a lipoma but which 
will not be so considered here. The tumor was 
devoid of pial connection, was soft but solid 
and had the gross appearance of adrenal gland 
tissue. When it was cut across, multiple minute 
bleeding points were observable on the cut sur- 
face. It consisted of densely packed round and 
oval cells containing many small droplets of 
doubly refractile fat and w'as stated to be a 
lipoblastoma. It is our opinion that the true 
nature and proper designation of this lesion was 
hemangioendothelioma. The tumor did not con- 
tain adult fat cells — only cells with fat in drop- 
lets, which are seen so abundantly as the “pseudo- 
xanthoma cells” of hemangioendothelioma. The 
multiple bleeding points, caused by release of the 
blood contained within the small blood spaces of 
the hemangioendothelioma, are characteristic of 
such a tumor. 

According to Antoni,^® Foerster stated in a 
personal communication that he had encountered 
3 cases of intramedullary lipoma, but no details 
are known. 

11. Schmieden, V., and Peiper, H. : Ueber ein erfolg- 
reich operiertes endomedullares Lipom des Halsmarks, 
nebst einigen Bemerkungen zur Chirurgie der intra- 
medullaren Tumoren, Deutsche med. Wchnschr. 55; 
513-516 (March 29) 1929. 

12. Antoni, N. : Tumoren des Riickenmarks, seiner 
Wurzeln und Haute, in Bumke, O., and Foerster, O. : 
Handbuch der Neurologie, Berlin, Julius Springer, 1936, 
vol. 14, pp. 1-131. 
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Cases oj Intradural Lipomas— Continued 


Connective Tissue Spinal Puncture 

Pense membrane separating — 

tumor from cord; some 
small and actively 
growing cells 


Boentgenograpbic 

Evidence 


Pibrous tissue proliferated 
and sending extensions 
into cord 

Connective tissue of roots 
hyperplastic at dorsal 
root origin; extensions 
into cord 


120 Gm. of protein per 
100 cc,; no block 


Heavy septums bearing lOO mg. of Pjotein per 
roots 100 cc.; no block 


Left pedicles from 
To to ira thinned; 
backs of bodies of 
vertebrae T5 to TS 
eroded 

Pedicles of Til 
eroded: descent of 
iodized oil ob- 
structed at TlO 


Other Disorders 

Absence of iris; 
hydrocephalus; 
Intracranial lipoma; 
defect of left temporal 
bone; xanthoma of 
eyelids 


Obesity; pilonidal 
cyst; cx'tradural 
lipoma on right root 
at T9 


Operation 

Necropsy 


Necropsy 

Partial removal; no 
improvement 

Total removal 


Laminectomy without 
removal 

mm.; partial block more on right side 

than on left 


Lipoma slightly fibrous. 


120 mg. of protein per 

i^A nolle Tvor f*n 


Pedicles of vertebrae 
T3 and Ti eroded; 


Jaeger appears to have reported a case 
recently, since a title suggestive of such an ob- 
servation is listed in the Qucirtefly Cumuldtwe 
Index Medicus. The foreign journal in which 
Jaeger’s paper appeared no longer reaches the 
Mayo Clinic library, however. 

Additional data on 4 cases of intradural lipoma . 
observed at the Mayo Cli 'ic (cases 18, 27, 28 
and 29, of table 1) are given in the following 
paragraphs. 

report of cases 

Case 1.— A Jewish youtli aged 19 years registered at 
the clinic on July 10, 1927, complaining of numbness of 
the legs and the left hand, weakness of the arms and 
legs, pain in the neck and difficulty with urination. This 
case was mentioned previously by Kernohan, Woltman 
and Adson^^ and by Adson.^® 

The family history was of no consequence, but the 
previous medical history was of possible significance. 
At the age of 5 or 6 years the patient had fallen down 
a flight of twenty-four steps and injured his neck in 
an unspecified manner. Gradually increasing low cer- 
vical pain followed this injury. Cervical traction for 
six months had given relief, and a brace to the neck 
was worn for the next year. At the age of 8 years a 
bone graft had been performed on the cervical portion 
of the spinal column for what was stated to be tuber- 
culosis. 

A three or four year period of fair health followed, 
and it was not until the age of 11 or 12 that neurologic 
symptoms began. The first sign noted was clumsiness 
in walking, and it was thought at the time that the left 
leg was most affected. After an unspecified time the 
legs began to drag and the arms became weak. A year 
later there was onset of a recurring low cervical pain, 
which lasted only a month or so out of the year, but 
appeared yearly for six years. Three months before 

13. Jaeger, F. ; Ueber Lipome der hinteren Schlies- 
sungslinie, Zentralbl. f. Chir. 68:2-6 (Jan. 4) 1941. 

14. Kernohan, J. W.; Woltman, H. W., and Adson, 
A. W, : Intramedullary Tumors of the Spinal Cord : A 
Review of Fifty-One Cases, with an Attempt at Histo- 
logic Classification, Arch, Neurol. & Psychiat. 25:679- 
699 (April) 1931. 

15. Adson, A. W. : Intraspinal Tumors: Surgical 
Consideration, Internal. Abstr. Surg. 67:225-237 (Sept.) 
1938, 


the patient came to the clinic the pain had begun again 
but failed to disappear as before. This pain was usually 
a dull ache over the low cervical' spinous processes, 
with occasional extension to the left shoulder, but some- 
times it was throbbing. At the age of 15 years the 
weakened arms became awkward. At the age of 18 
atrophy of the hands was noted, the right leg became 
much weaker at the hip and numbness was felt from 
the waist down. In March 1927 some sort of operation 
had been performed on the neck, without influencing the 
course of the disease. During the month preceding the 
patient’s registration at the clinic numbness of the 
fingers of the left hand and a rapid increase of all 
symptoms developed, together with difficulty in starting 
the flow of urine. 

The physical examination, aside from the neurologic 
portion, gave essentially normal results. The patient 
walked with a spastic gait. Below the second thoracic 
dermatome there was total absence of appreciation of 
painful, thermal, tactile, joint and vibratory stimuli ex- 
cept that the back of the left thigh and calf retained 
slight cutaneous sensibility. Joint and vibratory sensi- 
bilities were diminished slightly in the hands, and there 
was moderate diminution of appreciation of pain and 
touch in the ulnar distribution of both hands. Con- 
siderable weakness of the finger flexors and the intrinsic 
muscles of the hand was apparent, being more severe 
on the left side. The legs were weak and spastic. The 
biceps reflex was normal, but the triceps reflex was 
notably diminished on both sides. A Hoffmann sign 
was elicited on the left side. The patellar and achilles 
reflexes were exaggerated, being stronger on the right 
side than on the left. The presence of ankle clonus and 
the Babinski sign bilaterally completed the picture. 

Lumbar puncture revealed xanthochromic fluid, in 
which there was globulin. The manometric rise on 
jugular compression was normal, but the fall was slow. 

On July 20, 1927 laminectomy of the third cervical 
to the first thoracic vertebrae was performed. A fusi- 
form intradural swelling was immediately noted. After 
the dural opening was made, the swelling was observed 
to be a yellowish tumor fixed to, and lying on, the back 
of the cord. It measured 12 cm. in length and 3 cm. 
in breadth. A sagittal incision of this mass was cau- 
tiously made, and the impression was gained that the 
entire depth of the cord was involved. A V-shaped strip 
was longitudinally excised, and the incision was closed. 

No change occurred during the short period of post- 
operative observation, during which time two roentgen 
ray treatments were given over the tumor. In a letter 
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received from the patient in October 1927 rapid im- 
provement M'as reported. In 1942 we were informed 
that since the letter of 1927 the patient had made a 
complete recovery and had become the sectional tennis 
champion, but that for six or seven years prior to 1942 
his arms and legs had been becoming weaker. 

The tissue removed consisted entirely of adult adipose 
tissue. Delicate fibrous septums divided the fatty mass. 
Blood vessels were sparse, and no nerve tissue, either 
cord or roots, appeared in the surgical specimen. 

Case 2. — An unmarried white woman aged 20 regis- 
tered at the clinic on Jan. 30, 1935, complaining of pain 
in the back, numbness of the legs and weakness of the 
left leg. These symptoms had appeared after a recent 
injury. 

The only item of importance in the medical and family 
history concerned the father, who had diabetes. The 


abdomen. A week later a limp was noted. Ten days 
later the left thigh was involved in the numbness, pre- 
viously limited to the toes. The next day the right 
ankle was painful, and a week later numbness became 
apparent in the right thigh. On April 8 a physician 
who had been consulted found analgesia below the waist. 
Sensation was almost entirely regained during the next 
eight weeks, and no progression was noted until Sep- 
tember 1934, when the left leg was observed to be 
atrophic. 

A lumbar puncture, performed on Oct. 16, 1934, re- 
vealed that the manometric readings were normal. The 
patient’s blood pressure was noted to be elevated at 
about this time. During the first part of December 
the pain in the back had become much worse and had 
required administration of an unidentified medicament 
for relief. In January 1935 roentgenographic examina- 



Fig. 1 (case 2). — (a) Fine bundles of root fibers traversing the lipoma (sudan III and hematoxylin; X 45). 
Note how intimately the root structure is infiltrated by the fat despite the absence of active-appearing tissue, 
(h) Fibrocellular tissue separating the fat from the cord. (Perdrau stain; X 20). Note the heavy extensions into 
the neural tissue at the top and how strands of neural tissue become sequestered (left center) ; also note the occur- 
rence of islets of fat within this tissue. 


patient stated that she had been well in every respect 
until Iklarch 3, 1934, when she was struck in the 
abdomen by a cash register, which slipped from the 
hands of a fellow emplo}'ee as it was being carried past 
her. The blow forced her back against the horizontal 
edge of a counter. A few hours later the back began 
to pain, and the next day pain appeared in the toes of 
the left foot. Two days later the pain ascended the left 
leg in a vague fashion, the toes of the left foot became 
numb and she tripped when she was climbing stairs. 
Both the pain in the leg and that in the back were made 
worse when she reclined and were ameliorated when 
she sat or walked. On Ivlarch 10, 1934 girdle pain over 
an area, a handbreadth in width, developed about the 

16. Adelstein, L. : Personal communication. 


tion of the spinal column had led to a diagnosis of 
tumor of the spinal cord. 

Physical examination revealed nothing abnormal ex- 
cept in the nervous system. Sensation was normal above 
the ninth tlioracic dermatome, but there were compli- 
cated sensory changes below this level. Appreciation 
of touch and temperature was absent over the right 
lower quadrant of the abdomen and the right thigh and 
was greatly diminished over the left side of the abdomen, 
the left thigh and the lower part of the right leg and 
foot. The lower part of the left leg and foot displayed 
minimal hypesthesia and hypalgesia. Vibratory and 
joint sensibilities were absent over the right ankle and 
were diminished over the left one. The entire left leg 
was moderately weakened, but the right leg was of 
normal strength. The hamstring refle.xes were increased 
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on the left side, but the patellar and achilles reflexes, 
though moderately hyperactive, were of equal strength 
on the two sides. There were mild clonus of the left 
ankle and a Babinski sign bilaterally. The abdominal 
reflexes were absent. 

Roentgenographic examination of the thorax revealed 
enlargement of the heart. Examination of the spine 
disclosed thinning of the pedicles of the fifth to the ninth 
thoracic vertebrae inclusive and erosion of the backs 
of the fifth to the eighth thoracic vertebrae. The spinal 
canal was much widened in this region. Lumbar punc- 
ture revealed an initial pressure of 10 cm. of fluid. 
This rose to 14 cm. after ten seconds of bilateral jugular 
compression and promptly fell back to the initial pres- 
sure on release. The Nonne test gave positive results, 
and the total protein content measured 120 mg. per 
hundred cubic centimeters of cerebrospinal fluid. 


1943. She no longer uses crutches but is able to walk 
long distances with a cane. She is able to raise each 
foot off the ground to a distance of 12 inches (30 cm.), 
but is unable to jump at all. Clonus causes embarrass- 
ment if the foot is not properly supported. She is work- 
ing in a self-supporting occupation. 

The surgical specimen consisted of a longitudinal strip 
of the tumor, which included a small amount of the 
posterior columns of the cord on its anterior surface and 
permitted of accurate study of the relation of the tumor 
to the cord. The greater portion of the tumor was 
composed of typical adult adipose tissue. The free sur- 
face of the mass, the portion lying exposed on the 
posterior surface of the cord, was ensheathed by a fibrous 
capsule of moderate thickness, which in some places 
consisted of an outer layer, with the collagenous fibers 
running in a vertical direction, and an inner layer, with 



Fig. 2 (case 2).— Fibrocellular tissue separating the fat from the neural tissue, (o) The neural tissue at the 
top of the section is infiltrated by heavy strands, while the mass of tissue in the lower portion of the field shows 
scattered development of adipose tissue (hematoxylin and eosin stain; X 32). (b) Higher power of an area off 
the upper right corner of the islet of fat in the center of a.- The Mallory-Heidenhain preparations of parts of this 
tissue showed roots contributing to the tangle (hematoxylin and eosin stain; X 215). 


On Feb. 5, 1935 laminectom}’’ of the fifth to tlie ninth 
thoracic vertebrae was performed. The bone was thin 
and excessively vascular. When the distended dura 
was opened, a large tumor on the posterior surface of 
the cord was exposed. This could not be separated from 
the cord, and a V-shaped longitudinal strip was taken 
from the most prominent meridian. 

For three days the patient was paraplegic, but by the 
twentieth day she was able to stand and had control 
of her bladder. The right leg was analgesic, but the 
left leg showed only minimal hypalgesia. Vibratory 
sensibility was notably diminished on the right ankle 
but only moderately so on the left ankle. 

By 193/ the patient was using crutches to get about 
and was able to take a few steps alone. A letter has 
been received describing her condition as of August 


the fibers running in a horizontal direction around the 
tumor. The fibrocytic nuclei usually present in a cap- 
sule of this tj'pe were normal^'- sparse. In some places 
numbers of small vessels were present immediately sub- 
jacent to the inner layer of this capsule, but on the 
whole the vascularitj’- was not remarkable. The adipose 
tissue beneath the capsule did not contain anj-^ embryonic 
fat or active-appearing tissue. 

As the interior of the tumor was approached from 
the capsular surface, one began to encounter small 
bundles of nerve fibers cut transversely, obliquely and 
longitudinalb', all in the same section. These bundles 
had the undulating course and the connective tissue 
sheaths characteristic of peripheral nerves and must, 
therefore, be considered as rootlets traversing the tumor. 
The sections stained for fat showed beautifully these root- 
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lets coursing tlirough a galaxy of red spherules (fig. lo). 
The bundles of nerve fibers were mostly small and some 
of them contained only a few individual fibers. All the 
interstices were filled with fat, and the impression was 
gained that the fat had its origin from some structure 
originally lying within the root and bearing an intimate 
relation to its individual fibers. In other locations the 
rootlets lay- in a moderately delicate stroma composed 
of anastomosing strands of fine collagenous fibers and 
cleftlike spaces, in which lay acidophilic granules in 
clumps. The only nuclei were pyknotic spindles, looking 
like the nuclei of fibrocytes, Ijdng mostly in close asso- 
ciation with the collagenous strands but sometimes 
seeming to be free in the clefts. The most adequate 
interpretation of this stroma is that it was myxomatous. 

As the surface of attachment to the cord was 
approached, the amount of adipose tissue was diminished 
by heavy strands of cellular tissue extending into it. 
Finally, the fat gave way entirely to this cellular tissue, 
and a heavy, irregular layer of this tissue separated the 
adipose portion of the tumor from the neural substance 
of the cord. On the face of this separating layer next 
the cord one first saw sequestered islands of cord ; 
then the cord tissue became prominent and was invaded 
by heavy strands passing into it (fig. li). This cellular 
tissue was composed of a tangled collagenous network 
bearing a variety of cells (fig. 2). Most of the cells 
were oval or spindle shaped, vesicular or pyknotic, and 
were certainly of connective tissue origin. Even in this 
tangle of fibers orientation was apparent. The course 
of the fibers was roughly parallel with the course of 
the nerve fibers in the white matter of the spinal cord. 

No giant cells or mitotic figures were present in this 
tissue despite its superficial resemblance to sarcoma. 
No fat lay bare within or adjacent to the cord. The 
little fat within the cord w^as enclosed by the cellular 
connective tissue; in other words, fat was present in 
small amounts in the fibrous extensions from the septum 
into the cord. The Mallory-Heidenhain preparations 
revealed this cellular tissue to be of radicular origin. 
Lying between the dense, blue-stained collagenous fibers 
were faintly orange myelin tubules. The intraradicular 
connective tissue (endoneurium) had all but obliterated 
the nerve fibers, so strongly hyperplastic was it. The 
vascularity of this cellular connective tissue was 
minimal. 

In certain sections in which the hyperplasia was less 
conspicuous and one was able to follow tlie roots to 
their entrance into the cord the roots were disrupted 
and distended with fat cells, so that the fat cells were 
partitioned one from another by septums bearing single 
layers of myelinated nerve fibers. Sections cut trans- 
versely across the tumor showed root fiber bundles and 
isolated individual myelinated nerve fibers closely 
applied to the cord in the septum separating the tumor 
from the cord; these roots were distributed over an 
unnaturally large portion of the circumference of the 
cord. Whereas posterior roots normally enter the cord 
along the posterolateral sulcus in a zone 1 or 2 mm. 
wide, in some locations the tumor roots were present 
in the septum over a segment of the circumference of 
the cord 1 cm. wide. Furthermore, these roots were 
cut transversely just as were the fibers of the cord. 

Case 3 . — K man aged 41 registered at the clinic on 
Oct. 7, 1935, complaining of a burning sensation in the 
toes of the right foot and numbness, weakness and 
cramps of the right leg. 

The patient’s family history was noncontributory ex- 
cept that he had had a sister who had been obese before 
her death, of unknown cause, at tlie age of 50 years. 


The previous medical history is of interest. A pilbnida 
cyst had been operated on in 1928. In 1930 the patien 
had a gastric hemorrhage. In 1932 he injured his bad 
in a fall and was confined to bed for a month. He wa 
otherwise well, though obese, until March 1935, whei 
there appeared a burning pain in the toes of the .righ 
foot and some acral numbness. During the next sever 
months this numbness gradually and unremitting^ 
ascended the leg to the groin. A month after the onse 
of the burning the patient had noted weakness in th( 
right leg, associated with twitching and cramping o 
the muscles of this leg. 

The patient was obese, but the general physical ex 
amination did not reveal anything else significant. Posi 
tive findings elicited by the neurologic examination in 
eluded moderate diminution of joint and vibratory sensi- 
bilities in the right leg and minimal diminution in th( 
left leg, minimal hypalgesia and hypesthesia to th( 
groin in the right leg, paresis of motion of the toes o: 
the right foot, and, on the same side, increased patellar 
and achilles reflexes, a diminished hypogastric reflex, ar 
ankle clonus and a Babinski and related toe signs 
Lumbar puncture revealed colorless fluid and absence ol 
block. However, the total protein amounted to 100 mg 
per hundred cubic centimeters of cerebrospinal fluid 
and the reaction for globulin was positive. 

The patient was not seen again until February 1938 
when he stated that the cramping had diminished bul 
that the toes of the left foot had begun to burn during 
the previous November. The right leg tired greatly 
after he walked a few blocks, and a pain was present 
over the right lumbosacral area, which was made worse 
by his reclining on the right side and was relieved bj 
his walking about. This pain was not exaggerated by 
coughing or sneezing. 

Examination at this time showed progression ol 
neurologic disturbance. The vibratory and joint senses 
were absent in the right leg and were moderately 
diminished in the left leg. There was hypalgesia over 
the left side of the sacrum, the posterior aspect of the 
left thigh and the left foot. Perception of pain in the 
right leg was normal. The entire right leg was mod- 
erately weakened and exhibited increased reflexes and 
clonus. The hypogastric reflex was almost absent on 
the right side, and there was a Babinski sign bilaterally. 

Myelography, with radiopaque oil, performed on 
March 1, 1938, revealed partial obstruction to the 
descent of the cisternally injected oil at the lower part 
of the tenth thoracic vertebra. The lower end of the 
obstructing mass lay in the middle of the eleventh 
thoracic vertebra. Erosion of the pedicles of the eleventh 
vertebra was noted in these myelograms. 

Laminectomy of the tenth and eleventh thoracic ver- 
tebrae, performed on March 4, 1938, revealed a yellow 
intradural tumor lying on the right posterior aspect of 
the spinal cord, intimately attached to several root fila- 
ments at their emergence from the cord and possibly 
involving the cord itself. The incision was widened to 
the right to effect removal of this tumor, and another 
tumor, extradural in location, was encountered on the 
ninth thoracic root. The second tumor was entirely 
separate from the larger, intradural tumor and did not 
occur on the same root, lying, as it did, on the root 
above. Both tumors were removed under the impression 
that they were neurofibromas. The cord was compressed 
by the intradural tumor to about one-third normal size. 

On the seventeenth postoperative day there was still 
weakness in the right leg. The Babinski sign was not 
present on the left side, but ankle clonus, stronger on 
the right side than on the left, was elicited. Joint an*' 
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^’/iUratory senses had returned to normal. There was 
absence of appreciation of touch, pain and ternperature 
over the right lower quadrant of the abdomen and the 
front of the right thigh. On the patient’s return to the 
clinic, on Aug. 25, 1938, he stated that he had been 
getting about with a cane until three weeks prior to this 
date, when he was caused to fall by his right leg’s 
jerking involuntarily into flexion. The legs tmed more 
easily and felt stiffer after this episode than they had 
before. Cramping began in the right calf. The left 
leg would involuntarily flex when the patient was in 
bed. Perineal numbness was noted at stool. Examina- 
tion showed considerable weakness of the hamstring 
muscles and the muscles of the calf, moderate weakness 
of the quadriceps and minimal weakness of the psoas 
and gluteal muscles, all on the right side. The left 
leg was stroiRg. Eoth. legs exhibited Iticreased tone. 
Ankle clonus and increased tendon reflexes were present 
on the right side. A Babinski sign was elicited on each 
side. Joint and vibratory senses were absent in both 
legs to the knees. Cutaneous sensibility was diminished 
below the tenth thoracic dermatome and was absent be- 
low the knees. Roentgenographic examination showed 
only absence of the laminas which had been removed. 
A lumbar puncture yielded colorless fluid, containing 
55 mg. of protein per hundred cubic centimeters. There 
was no block. Further surgical treatment was not 
advised. The patient has not responded to our recent 
inquiry, and his present status is unknown. 

The intradural tumor consisted of adult adipose tissue, 
traversed by heavy fibrous septums bearing bundles of 
root fibers. At the extremity of some of these fibrous 
septums there was present glial tissue similar to ftat 
in the white matter of the spinal cord. In some regions 
the rootlets to this glial segment were considerably 
disorganized and lay in' the fibrous stroma in small 
bundles separated by heavy collagenous bands and small 
groups of fat cells. In another septum a single large 
root was almost the sole occupant. In one location this 
root became a tangled mass of hyperplastic endoneurium, 
which merged imperceptibly with the surrounding 
heavier collagen strands at the periphery and was not 
separated from the surrounding tissue by a condensed 
band of connective tissue. Small amounts of fat lay 
within the fibrous septums, but no fat was present 
within the hyperplastic root. Almost all the fat lay 
in the lobules between the root-bearing septums. The 
vessels of this tumor were scanty. Tissue from the 
extradural tumor is no longer available. 

Case 4. — The patient presented himself at the clinic 
in September 1943, complaining of pains in the back, 
the thorax and the right leg. He was 22 years of age, 
single and a farmer. 

The family history was without significance. The 
patient had been well until four years prior to his 
coming to the clinic, when he became jaundiced for 
two weeks and was put to bed. The first day out of 
bed, after the jaundice subsided, he carried a quantity 
of lumber from the basement and the following day 
had a sore back, which caused him to walk bent over. 
Shortly after this the right leg felt stiff and seemed to 
drag. A certain degree of recovery occurred, but during 
the year prior to registration at the clinic the patient 
was bothered by bouts of pain in the right leg, which 
lasted about two hours and were followed by weakness 
in the leg. In August 1943 soreness reappeared in the 
upper part of the back, and the pain seemed to run into 
the left side of the thorax. There was a spot in the 
midthoracic segment of the spinal column which pained 
on walking. Coughing and sneezing caused pain in the 


midthoracic region of the back and around the lower 
part of the sternum. A pain appeared in the right 
thigh whenever the patient exercised. His temperature 
had been 100 F. since August. 

The patient was well built and seemingly well; he 
appeared moody and was perhaps less bothered by his 
pains than he asserted. The general physical examina- 
tion revealed nothing of significance except for a low 
grade fever. The neurologic examination revealed only 
that the left pupil was larger than the right, and the 
vibratory and joint sensibilities were diminished in the 
lower extremities. 

Routine examination of the blood, flocculation tests 
and urinalysis gave normal results. Roentgenograms 
of the spinal column showed erosion of the inner margins 
of the pedicles of the second and third thoracic vertebrae, 
particularly of the right pedicle of the third vertebra. 
Spinal puncture was performed on September 18. The 
initial pressure was 15 cm. of fluid. On jugular com- 
pression the pressure rose to 19 cm. of fluid. The fall 
was slow. Ten cubic centimeters of the colorless fluid 
was removed, and the final pressure was 1 cm. The 
fluid contained 11 cells per cubic millimeter, small 
amounts of globulin and 120 mg. of total protein per 
hundred cubic centimeters. 

• 

Myelography, with the use of radiopaque oil, was 
performed on September 22. There was almost com- 
plete obstruction to the passage of the oil upward at 
the fourth thoracic interspace. This deformity was 
mostly on the right side and was interpreted as being 
due to an intradural extramedullary tumor. Later the 
same day laminectomy of the fifth thoracic to the seventh 
cervical vertebrae was performed. The distal end of the 
tumor lay in the lower end of the incision; but the 
upper pole was beyond the highest exposed segment, 
and the surgeon deemed it unwise to go farther, since 
the growth could not be separated from the cord. The 
tumor was yellow and had the appearance of adult fat. 
A small fragment was removed from the dorsal surface, 
and this proved to be adult adipose tissue with increased 
stroma. 

The patient’s convalescence was complicated by post- 
operative hematoma. After the removal of this clot 
gradual recovery occurred. 

Clinical Features .of Intradural Lipomas . — 
Twenty-nine cases of intradural lipoma are 
available for comparison and analysis. The dis- 
tribution of these tumors between the sexes 
appears to be about equal. Fourteen patients 
were females ; 12 were males, and the sex of 3 
patients was unknown. This slight inequality at 
least does not run counter to the distribution 
between the sexes of lipomas in other locations 
which is given as about 3 : 2 in favor of females 
(Geschickter 

Consideration of the ages at which the first 
symptoms began leaves one with the impression 
that this tumor makes its presence known only 
during three rather well delimited age periods: 
before the age of 2 or 3 years, on the patient’s 
reaching manhood or womanhood and in early 
middle age. In only 4 cases did the tumor fail 

17. Geschickter, C. F. : Lipoid Tumors, Am. J. Cancer 
21:617-641 (July) 1934. 
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to conform to this generalization. The distribu- 
tions of the ages of onset are charted in figure 3. 
In view of what has been said by other authors 
and what we shall have to say regarding the 
probable existence of most of these tumors from 
before birth, it might be held that the age of onset 
is of little importance. On the other hand, it 
seems to us that the onset of symptoms due to 
intradural lipoma must be capable of some 
rational explanation having to do with increased 
deposition of fat at certain times of life, inter- 



Fig. 3. — ^Ages at clinical onset of intraspinal lipomas. 
The values for the intradural lipomas are plotted above 
and those for the extradural lipomas are plotted below 
the axis of the abscissas. 

ference with the blood supply to the spinal cord 
at a time when the vascular system begins to be 
less adaptable than before, edema from trauma, 
and perhaps other factors. 

Among the cases in which trouble was ex- 
perienced during the early j’^ears of life there 
were 3 of early death. The tumors in these 3 
cases were the largest in the entire series, 2 of 
them extending throughout the length of the cord, 
and other severe defects were associated. In 
each of the 4 instances of early onset without 
earl)' fatal termination the duration before oper- 
ative intervention or death was long, being 
four, ten, thirteen and fifteen years, as though 
the trouble was due to a slowly augmenting pres- 
sure by a soft mass without infarction of the 
spinal cord. The tumors manifesting themselves 
very early, accordingly, seem accounted for on 
the basis of more or less massive development 
of a fatty mass within the dura at some time in 
embryonic life. In the one group this mass is 
very large, and other severe defects help to ex- 
press the faultiness of the germ plasm or the 
seriousness of the factor operating in utero on 
the embryo and rather overshadow the intra- 
spinal tumor with regard to the clinical picture 
and as a cause of deatli. In the other group the 
fatt)' mass is less large but so nearly fills the 


neural canal that it is not long in reaching such 
a size as to interfere with function of the spinal 
cord. The long history of trouble is to be con- 
sidered an expression of the slow growth of the 
tumor and the ability of the spinal canal to ac- 
commodate it by widening. A variety of less 
severe developmental defects may accompany the 
intraspinal lesion. 

The clustering of cases around the beginning 
of the third decade may have something to do 
with the filling out of the body generally, through 
the deposition of fat in the adipose tissue. The 
fact that 6 of the 7 patients in this category were 
females does not detract from this hypothesis. 
If such deposition is the correct explanation, then 
it is probably dependent on a nidus present be- 
fore birth, as indicated previously. 

The grouping of the cases in the early part of 
the fifth decade might be suspected to result from 
the final overtaking by a slowly increasing mass 
of a cord the vessels of which are becoming in- 
creasingly sclerotic and less and less adaptable to 
outside interference. 

In only 1 of the cases (Ritter was the 
histologic picture significantly different from 
that of numerous other tumors of this type. In 
this single case there was definite evidence of new 
formation of fat and real activity, so that the 
sudden onset must be largely attributed to rapid 
increase in’ size of the tumor. 



lipomas are plotted above and those for the extradural 
lipomas are plotted below the axis abscissas. 

Reflections on the duration of symptoms before 
the death of the patient or before surgical re- 
moval are rather unproductive because the ter- 
minal issues are not equivalent. Figure 4, dis- 

18. Ritter, A. : Ein Lipom der Meningen des Cervical- 
marks, Deutsche Ztschr. f. Chir. 152:189-209, 1920. 
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playing the duration of symptoms until operation 
or death, is worth a moment’s attention. It shows 
the great variation, but also indicates how in 
many cases, contrary to the general impression, 
the lipoma is of short duration. The median 
period is somewhere between three and four 
years. 

The symptoms of the intradural lipomas are 
perhaps a little different from the symptoms of 
tumors of the spinal cord as a whole. Spon- 
taneous pain, aside from painful cramp, was a 
prominent symptom in 10 of the 29 cases. In 3 
cases (Oppenheim and Borchardt^®; case 1 of 
this series; Bucy and Gustafson^®) pain was 
limited to the spine. In 3 cases there was distal 
pain which must have been due to the tumor but 
was not explicable on the basis of root irritation 
or osseous involvement. In only 4 cases were 
there pains which probably were of root origin. 
It is clear that definite root pain is not often 
caused by an intradural lipoma, despite the fre- 
quent involvement of roots by the tumor. The 
explanation depends on the fact that this tumor 
is almost always so firml}^ fixed to the cord that 
the traversing roots are not pulled on when the 
intraspinal hydrodynamic relations suddenly 
shift. 

An early symptom in 4 cases was awkward- 
ness in use of the arms or legs not associated with 
manifest weakness. In Stookey’s and Bucy and 
Gustafson’s^® cases' walking was retarded and 
was never normal. In the latter case the patient 
became unskilful in use of the hands. In case 1 
of this series a maladroit gait, and then clumsi- 
ness of the arms, developed. In Jabotinski’s 
case awkwardness of the left arm was observed 
at the onset of the trouble, 
j Other symptoms were those common to all in- 
traspinal tumors and were of no diagnostic help. 
Nine of the 29 cases of intradural lipoma were 
of no value in determining which features of the 
clinical examination were characteristic, if any. 
Many of the remaining cases are not of great 
value for a variety of reasons. 

In 8 cases (Turner ; Oppenheim and Bor- 
chardt ; Ritter ; Elsberg’s case VI ; 

19. Oppenheim, H., and Borchardt, M. ; Weiterer 
I Beitrag zur Erkennung und Behandlung der Riicken- 
j ^srksgeschwiilste, Deutsche Ztschr. f. Nervenh. 60: 
i 1-31, 1918. 

20. Bucy, P. C, and Gustafson, W. A. ; Intradural 
Lipoma of the Spinal Cord, Zentralbl. f. Neurochir. 3: 
341-348 (Jan.) 1939. 

21. Stookey, B. : Intradural Spinal Lipoma : Report 
^ a Case and Symptoms for Ten Years in a Child Aged 
Eleven ; Review of the Literature, Arch. Neurol. & 
Psychiat. 18:16-43 (July) 1927. 

22. Jabotinski, J. : Fibrolipome intradural de la moelle, 
Lev. neurol. 72:15-31 (July) 1939. 


Scherer ; Guillain, Bertrand and Salles ; 
cases 1 and 2 of this series) there were displayed 
what were essentially transverse lesions of the 
cord without specificity of selection of fiber 
tracts. 

In case 3 of this series, that of a tumor of the 
right posterolateral region of the cord, the symp- 
toms were about what one would expect. Ap- 
preciation of pain was diminished- in the sacral 
dermatomes of the opposite side. Joint and vi- 
bratory appreciation was affected bilaterally, but 
more on the side of the tumor than on the oppo- 
site side. Abnormal reflexes were present in 
both legs, but only the right leg was weakened. 
The absence of sensory change in the dermatome 
served by the affected segment and root of the 
cord is explained by the slight linear extent of 
the portion of the cord affected and by overlap 
from adjacent dermatomes. 

Before lumbar puncture Elsberg’s patient 
(case 8) had only spastic paraplegia, which was 
worse on the side on which the tumor lay than on 
the other side. After the puncture total anesthesia 
developed up to the fourth thoracic dermatome. 
The patient of Bucy and Gustafson was tetra- 
paretic, hypesthetic below the clavicles, insensi- 
tive to joint motion and vibration in the legs and 
hyposensitive in the arms to these modalities, but 
he had no disturbance of appreciation of pain or 
temperature. The most severe disturbance, the 
loss of joint and vibratory sense, was in accord 
with the position of the tumor on the posterior 
surface of the cord. Fay’s patient had spastic 
paraparesis and impaired vibratory and position 
sense' in the legs until a lumbar puncture was 
done. Then the vibratory and position defect in- 
creased, and the appreciation of pain and tem- 
perature became impaired below the sixth tho- 
racic segment, a dissociation the reverse of that 
displayed by Bucy and Gustafson’s patient. 
Stookey’s patient had spastic paralysis of the 

23. Turner, F. C. : Lipomatous Tumor (? Sarcoma) 
of the Spinal Cord, Tr. Path. Soc. London 39:25-27 
1888. 

24. Elsberg, C. A.: Tumors of the Spinal Cord and 
the Symptoms of Irritation and Compression of the 
Spinal Cord and Nerve Roots; Pathology, Symptoma- 
tology, Diagnosis and Treatment, New York, Paul B. 
Hoeber, 1925. 

25. Scherer, E. ; Die extramedullaren pialen Lipome 
an der hinteren 'W'^urzellinie des Ruckenmarks (Kasuis- 
tischer Beitrag), Ztschr. f. d. ges. Neurol, u. Psvchiat. 
154:507-520, 1936. 

26. Guillain, G. ; Bertrand, I., and Salles, P. : Les 
lipomes spinau.x intra-duraux, Ann. de med. 42:119-131 
(June) 1937. 

27. Fay, T. : Vasomotor and Pilomotor Afanifesta- 
tions: Their Localizing Value in Tumors and Lesions 
of the Spinal Cord; a Report of Thirteen Verified 
Cases, Arch. Neurol. & Psychiat. 19:31-46 (Jan.) 1928. 
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legs, flaccid paralysis of the arms, absence of 
vibratory appreciation in the legs and distur- 
bance of pain and touch appreciation from the 
fourth dermatome on the left side only. 

Braubach’s patient was too young and too 
sick for satisfactory sensory examination, but 
she had hypesthesia and hypalgesia in the arms 
and legs and paralysis of the right arm and of 
both legs. It is remarkable, and of some signif- 
icance, that the right arm was palsied while the 
left remained unaffected. The large tumor in- 
volved the. segments of the cord giving rise to 
the brachial plexus and lay on the same side as 
the paralyzed arm. While the roots lay anterior 
to the tumor, the unilateral 'palsy is best ex- 
plained on the basis of destruction of the roots 
by stretching (?), rather than of compression 
of the anterior horn, and the paralysis must 
have been of the lower motor neuron type. 
Scherer’s patient had a palsied arm from a 
tumor in a similar location, but in this instance 
the mass enclosed many roots. The same specu- 
lations apply to Scherer’s case as to Braubach’s; 
and if these 2 instance of paralysis of the homo- 
lateral arm may be explained as has been sug- 
gested, this feature is unique to lipoma. No 
other single tumor possesses sufficient linear 
extent to implicate enough roots to cause paraly- 
sis of the arm as a whole. Other tumors may of 
course be of considerable linear extent, but the 
paralysis is bilateral because it is due to com- 
pression or destruction of the anterior horn and 
both sides are affected. 

Painful flexion of the neck and tenderness of 
the spinal column were observed in a few cases, 
but these features in no wise help to distinguish 
lipoma from other intraspinal tumors. Anisocoria 
was present in a few cases of cervical tumor, and 
in the 1 case in which the relations of the tumor 
were accurately established ( Jabotinski --) the 
tumor lay on the side of the miotic pupil, as is to 
be expected. 

Spinal puncture was performed in 13 of the 
29 cases of intradural lipoma. In 5 cases the 
report failed to mention the results of the raano- 
metric study. In 3 of the 8 remaining cases there 
was no hydrodynamic block ; in 4 cases there was 
partial block, and in 1 case, almost complete 
block. The cerebrospinal fluid was abnormal in 
each case in which block was absent. In 1 case 
only the reaction for globulin was positive ; in the 
second case the total protein amounted to 100 
mg. per hundred cubic centimeters of fluid, and 
in the tliird case the fluid was xanthochromic 
and contained increased protein. In this case 

28. Braubach, M. : Ein Fall von Lipombildung der 
Ruckenmarkshaute, Arch. f. Psychiat. 15:489-495, 1884. 


the initial pressure was zero, but jugular com- 
pression caused a prompt rise to 10 cm. of fluid. 
Release of the compression was followed by a 
prompt return to zero. Significantly, this 
manipulation caused pain to appear in the thorax 
— pain such as was one of the patient’s presenting 
symptoms. In 1 of the 4 cases in which there 
was partial block the fluid was normal. In this 
case the evidence of block was a rapid, but 
steppage, type of fall of fluid pressure. In 2 
cases in which there was partial block the total 
protein amounted to 120 mg. per hundred cubic 
centimeters of fluid. In the fourth case the fluid 
was xanthochromic and globulin was present, 
but the total protein content was not reported. 
In the case of complete block the fluid was yellow 
and contained large amounts of globulin. In 2 
of the 5 cases in which no manometric data were 
reported the cerebrospinal fluid was yellow and 
contained globulin ; in 1 case it contained globu- 
lin; in 1 case it was diagnostic of tumor of the 
spinal cord, in an unspecified manner, and in 1 
case it was reported to contain 220 mg. of total 
protein per hundred cubic centimeters. 

The series is too small to enable one to relate 
the size of the tumor to the degree of block. The 
noteworthy circumstance is the failure of total 
block in at least 4 instances (Bucy and Gustaf- 
son’s-® case; cases 1, 2 and 4 of this series), in 
which the tumors were of such size as literally 
to dwarf the usual extramedullary block-produc- 
ing tumor. The lipomas are somewhat similar to 
true intramedullary tumors in their effects on 
the pathway of the spinal fluid. They produce a 
fusiform enlargement of the cord and expand 
ever so slowly. They do not kink the spinal 
cord by pressing on it at one spot or completely 
fill the subarachnoid space in one small region; 
rather, they run to considerable length and 
leave the pathway stenosed but open. The pres- 
ence of normal fluid in but 1 of 13 cases, and 
this in the case of a very small tumor which al- 
tered the hydrodynamic relations of the spinal 
fluid, attests the tendency to discoverable en- 
croachment, if not obstruction. 

Roentgenograms or myelograms or both were 
made in 14 of the 29 cases. In 5 instances local- 
ized widening of the spinal canal by erosion of 
the vertebral body or pedicles was noted; in 1 
instance the interpretation was kyphosis and 
arthritis; in 4 instances the spinal column was 
normal, and in 4 instances the report of the 
myelogram did not include mention of the bony 
changes, if any. The tumors associated with bony 
changes were not significantly larger than the 
tumors associated with a spinal column which 
was reported as normal. Indeed, one of the small- 
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est tumors of the series (case 3 of this series) 
caused erosion of one pedicle. Neither did the 
age of onset or the duration of symptoms seem 
to bear any relation to the presence of bony 
changes. In Stookey’s case, however, in which 
there was the most extraordinary widening of 
the canal, the onset of the trouble appeared at a 
very early age. It is probable that if more roent- 
genographic studies were reported a case could 
be made out for the more constant appearance 
of bony changes with the early onset and long 
duration of symptoms. In 8 cases myelographic 
studies were made. In 3 cases there was com- 
plete or almost complete obstruction; in. 2 cases, 
partial obstruction, and in 1 case, indication of 
tumor of an unspecified nature; in 1 case the 
results were unknown, and in 1 case (Eckart 
there was no evidence of any obstruction, al- 
though the tumor was of great linear extent. 

Other physical defects were rather commonly 
associated with the lipomas. Extreme instances 
of such an association are the cases of Wolbach 
and Millet,^ of Baker and Adams and of 
Bielschowsky and Valentin,^^ in which the de- 
fects were too numerous and too obscurely re- 
lated for one to say much except to classify the 
lesions as “multiple congenital anomalies.” In 2 
cases subcutaneous lipomas overlay the deeper 
lipoma, an occurrence which is immediately ar- 
resting, seeming to exceed in importance its 
mere application to the matter at hand to bear 
on the question of the derivation of the lepto- 
meninges. It is probably of little significance 
that in 2 cases the patients were obese. The 
occurrence of pilonidal cysts in 2 cases should 
not cause one to interpret the lipoma in a similar 
embryokinetic light. 

The distribution of the intradural lipomas 
along the length of the spinal cord is subject 
to some law which favors certain regions and 
tends to avoid. others. In analysis of data on the 
tumors from this standpoint, we took care to 
translate the various data into terms of the actual 
level of the cord by referring to figure 54 of the 
1939 edition of Ranson’s textbook. Although 
errors are unavoidable in an attempt to decide on 
which segments of the cord were exposed from 

29. Eckart, G., cited by Bucy and Gustafson.^o 
3^ Baker, A, B., and Adams, J. M. ; Lipomatosis 
ot the Central Nervous System, Am. J. Cancer 34:214- 
219 (Oct.) 1938. 

31. Bielschowsky, M., and Valentin, B. : Ueber eln 
i^m am Ruckenmark mit Hj'drosj'ringomyelie und 

Missbildungen, J. f. Psychol, u. Neurol. 34: 
225-233 (Feb.) 1927. 

32. Ranson, S. W. : The Anatomy of the Nervous 
ystem from the Standpoint of Development and Func- 

1939 Saunders Company, 


descriptions of laminectomy incisions, the devia- 
tion is not likely to be large, and considerably 
more accuracy is attained than if laminectomy 
levels and segment levels of the cord were 
mingled in the making of comparisons. In 12 
cases the tumor lay entirely above the seventh 
thoracic segment of the cord, and in 7 cases, 
entirely below the sixth thoracic segment; in 3 
cases the tumor was small and occupied exactly 
the midthoracic region ; in 5 cases the tumor was 
very long and lay both above and below the mid- 
thoracic level ; in 1 case it was shorter, and in 1 
case the location was not given. The only tumors 
involving the upper sacral segments were the 3 
huge ones appearing as a feature of multiple 
congenital anomalies and attended by early death 
— not to say that the lesion of the cord was the 
cause of death — and the tumor reported by 



Fig. S. — ^Longitudinal distribution of intradural lipo- 
mas with reference to the spinal cord. Data concerned 
with laminectomy and the like obtained from reports 
in the literature have been translated into terms of the 
actual segment of the cord probably involved. Pure 
surmises are indicated by dots. The column to the right 
indicates the total number of times each segment was 
involved by tumor. The number at the top of each 
tumor refers to the number of the case as listed in 
table 1. 

Andre-Thoiuas and Jumentie.®® The most ac- 
curate manner of dealing with the problem of 
segmental distribution is to show graphically the 

33. Andre-Thomas and Jumentie, J.: Lipome du 
cone terminal. Rev. neurol. 20:222 (Jan. 25) 1912, 
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number of times each segment of the cord is 
occupied by tumor (fig. 5). The lower cervical 
and upper thoracic region is the favorite seat of 
these tumors, and the conus medullaris is the 
most avoided region. 

The distribution of the tumors around the 
circumference of the cord shows a predilection 
for certain segments of the circle and an avoid- 
ance of others. The study of this feature is at- 
tended by considerable inaccuracy, for detailed 
descriptions of the circumferential extent of the 
tumors are scarce and one must often depend 
on inference. Operative cases are of less value 
in the determination of this point than necropsy 
cases. Despite these reservations, the plotting 
of this relation to the cord brings out certain 
striking facts (fig. 6). In 21 cases the tumor 
involved the dorsal aspect of the cord between 
the dorsal root lines. In 6 cases the tumor was 
entirely anterior to the root lines or involved 


case reported by Beykirch the tumor arose 
from the cauda equina. The tumor of the filum 
in the case reported by Spiller,® which enclosed 
root fibers, and the smaller tumors in Wolbach 
and Millet’s ^ case bring to 4 the cases of tumors 
arising in locations other than the medullary pia. 

Recapitulation . — Certain symptomatic, clini- 
cal, laboratory and gross anatomic features of 
the intradural lipoma are at variance with the 
corresponding features of tumors of the spinal 
cord as a whole, and it is possible that attention 
to these features in the future may make possible 
the diagnosis of the tumor prior to exposure. 
Tumors making themselves known before the 
third year of life, about the beginning of the third 
decade and about the beginning of the fifth 
decade of life are suspect. The duration of the 
symptoms is of little help, but if the history is 
long lipoma should be especially considered. Pain 
of various sorts is common in cases of lipoma, 



Fig. 6. — Circumferential distribution of the intradural lipomas with reference to the spinal cord. The space 
between the small circular structure representing the cord and the larger circular structure of similar outline repre- 
sents the pia, and it is in this space that the tumors lie. The extremity of the cord lying off to the right represents 
the cauda equina. The numbers refer to cases as enumerated in table 1. 


the roots themselves. In the cases of Gowers ® 
and Turner the tumor involved, in addition to 
the dorsal surface, the lateral portion of the cord. 
In Elsberg’s 2 cases the tumors differed from 
the other lipomas in that they originated just 
anterior to the dorsal roots and were not trav- 
ersed by them. In 8 cases the tumor appeared 
to have arisen from the dorsal surface of the 
cord without incorporating roots in its substance. 
The state of involvement of the roots was un- 
known in 6 instances. In 15 of 26 cases the 
tumor implicated roots, and in 1 or 2 cases it 
probably did so ; in 5 cases the tumor definitely 
did not involve the roots, and in 3 others it prob- 
ably did not. Scherer expressed the opinion 
that the tumor reported by him actually arose 
in the line of the posterior roots. Case 3 of this 
series is unique because of the origin of the 
tumor from a thoracic dorsal root alone. In the 


but if the pain is definitely radicular, especially 
if limited to a narrow zone, the presence of lipoma 
is unlikely, though not impossible. Awkward- 
ness in the use of the hands and ataxia in walking 
when recited as early symptoms and before 
weakness was noted suggest lipoma, especially 
if the patient is young. 

Physical findings are of little help. Signs 
suggesting lipoma are diminution of joint and 
vibratory sensibility out of proportion to other 
sensory changes and unilateral flaccid paralysis 
of an extremity due to an intraspinal tumor. If 
a lipoma is present, one is not likely to discover 
a complete manometric block at the time of lum- 
bar puncture, but the fluid will almost certainly 
contain globulin or excessive protein (frequently 

34. Beykirch, A. : Klinischer Beitrag zur Buerteilung 
der myelographischen Rontgenbilder, Beitr. z. klin. 
Chir. 142:301-321, 1928. 
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only small excesses) or be xanthochromic. 
Roentgenograms cannot be counted on to reveal 
bony changes, but if there are evidences of widen- 
ing of the spinal canal over three, four, five or 
more vertebrae the presence of a lipoma is sug- 
gested. The myelogram cannot be counted on 
to enable one to diagnose the exact relation of 
the tumor to the cord. If, in the presence of the 
suggestive features mentioned, the examination 
points to a cervicothoracic location for the trou- 
ble, the possibility of lipoma is good. The pres- 
ence of congenital defects, especially a lipoma of 
the back overlying the suspected segments of the 
cord, lends confidence to the diagnosis. 

Pathologic Features of Intradural Lipomas . — 
Certain aspects of the pathologic picture of in- 
tradural lipoma have been briefly mentioned to 
point up the discussion of the clinical changes, 
but a more minute inquiry is now in order. 
Characteristics which bear looking into are the 
relation of the fatty mass to the neural tissue 
and its envelopes', the reactions evoked in the 
neural tissues and its envelopes, the amount and 
origin of the stroma and capsule of the tumor, 
the amount of involvement of roots and the na- 
ture of this involvement and the type of fat 
composing the tumor. 

Concerning the exact relation of these tumors 
to the cord there is little disagreement. After 
11 cases are excluded because of lack of sufficient 
information or because the tumor lay on the 
roots or the filum terminale, there remain 18 
cases which are of importance with respect to 
the relation to the cord, and in all these cases, 
with 1 possible exception, the tumor lay on the 
side of the cord in an extramedullary position 
but so firmly and intimately attached to the cord 
that the superficial resemblance was to intra- 
medullary tumor. In every case there was de- 
scribed a layer of connective tissue which 
separated the adipose tissue from the neural 
tissue, and in 11 cases (Gowers; Braubach; Rit- 
ter; Elsberg ; Bielschowsky and Valentin; 
Fay ; Scherer ; Guillain, Bertrand and Salles ; 
Bucy and Gustafson; case 2 of this series) the 
authors stated the opinion that the tumor arose 
in the pia and that the lamina between the cord 
and the tumor was of pial origin. 

Cases likely to be the subject of controversy 
over this matter of pial origin and extramedullary 
location are those of Elsberg,”^ Turner,-^ Jabotin- 
ski “ and Sachs and Fincher.® Elsberg described 
the location of his 2 tumors as “subpial,” but that 
he did not mean by this that they were intra- 
medullar}* is shown by his classifying them with 
the extramedullary tumors. Turner’s tumor, de- 
scribed as invasive, and probably malignant, pre- 


sented on the surface, and the fatty portion was 
separated from the cord by a mass of fibrous 
tissue which had undergone proliferation. 

The tumor described by Jabotinski is the most 
controversial because the ends of it lay within 
the medullary substance. A case can be made 
out for the origin of this tumor within the cord 
and its secondary migration to a superficial loca- 
tion except for the poles. This mechanism was 
suggested by Stookey.-’- Contrary to Stookey’s 
statement, however, these tumors show a capsule 
separating the fat from the cord, but this capsule 
is not often of such a nature that the tumor can 
be lifted from it, as in the case of Sachs and Fin- 
cher. In Jabotinski’s case the presence of roots 
within the tumor speaks for some origin other 
than intramedullary, with subsequent migration. 
To reconcile this tumor with the hypothesis of 
pial origin it is necessary to suppose that the 
hyperplastic pial septum invaded the cord at the 
poles of the tumor and then became filled with 
fat. 

The tumor described by Sachs and Fincher 
was reported as intramedullary, but attention to 
the excellent illustrations and the relations de- 
scribed in the operative note leave no doubt that 
the tumor was separated from the cord by an 
inner layer of pia and that the only dispute is 
one of terminology. 

Another point of importance is that fat has 
never been described as lying bare within the 
neural tissue or with only the sparse stroma that 
one might reasonably associate with formation of 
lipoma. Rather, the only fat lying within the 
cord is associated with the heavy extensions run- 
ning into the cord from the hyperplastic septum. 
Jabotinski’s case is a possible exception. 

The glial and neural elements of the cord re- 
spond to the presence of the tumor by degenera- 
ting when the pressure or interference with the 
blood supply becomes critical. In all other in- 
stances the cord seems to tolerate the fatty 
parasite well. The same cannot be said for the 
connective tissue of the leptomeninges, the pial 
extensions into the cord or the endoneurium of 
the roots. Twenty-one cases are pertinent to 
this phase of the study, in which either necropsy 
or operation was done and enough tissue was 
i-emoved to show the nature of the changes. 

In 8 of the 21 cases the tumor showed little or 
no reaction of connective tissue. The tumor in 
Elsberg’s-^ case VI was described as a fibro- 
lipoma, but no mention was made of pial or root 
hyperplasia and the tumor was removable. Bey- 
kirch®* observed only a fine stroma with few 
nuclei in his tumor of the cauda equina, but the 
whole tumor was not removed. The tumor re- 
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moved by Sachs and Fincher is one of which one 
may be certain, since it was removed hi toto, was 
shelled from the cord and was histologically 
negative for evidence of hyperplasia of the con- 
nective tissue. The tumor described by Bucy 
and Gustafson had only increased reticulin near 
its attachment to the cord and a heavy capsule 
on the free surfaces. Elsberg’s description of 
the tumor in his case VIII was accompanied b}"- 
photomicrographs demonstrating much more 
cellularity in one location than in the other, but 
there was nothing in the description to indicate 
pial or root hyperplasia. In the cases of Wolbach 
and Millet and Fay "" there was minimal “in- 
vasion,” and though this probably meant invasion 
by hyperplastic pial extensions, it is safest not 
to make the assumption. The tumor of the filum 
described by Spiller ° is the last of the 8 tumors. 

In 13 cases (Gowers®; Braubach®*; Tur- 
ner ; Oppenheim and Borchardt ; Ritter ; 
Henneberg®®; Bielschowsky and Valentin®^; 
Scherer ; Guillain, Bertrand and Salles ; 
Baker and Adams ; Jabotinski ; cases 2 and 
3 of this series) the extent of changes in the 
connective tissue ranged from moderate to re- 
markable. The alterations were by no means 
similar in all cases. On the one hand are the 
case of Gowers,® in which slight pial thickening 
and abundant fibrous tissue appeared in the 
portion of the tumor next the cord, and the case 
of Bielschowsky and Valentin,®^ in which pial 
thickening and radicular endoneural prolifera- 
tion were present; on the other hand are the 
cases of Scherer and of Guillain, Bertrand and 
Salles and case 2 of this series, in which there 
was conspicuous proliferation of the endoneurium 
of traversing roots. It is probable that in 
Stookey’s case and in cases 1 and 4 of this 
series the tumors would show a similar picture if 
they were examined in toto. One-half the tumor 
in Turner's case was fibrous and cellular to such 
a degree that it was considered sarcomatous. In 
Ritter’s case the tumor contained cellular strands 
running into the cord and many embryonic fat 
cells and was considered to be a lipoblastoma. 

The question arises whether these prolifera- 
tive changes were actually induced in the con- 
nective tissue by the fat, or Avhether they 
constituted the primary defect and the deposition 
of fat was secondary. This of course is difficult 
to answer, but it is likely that in some cases 
merely a pial thickening was secondary to pres- 
ence of the fat (as would be the adhesion of the 

35. Henneberg, R. : Ueber Gescliwulste der hinteren 
Schliessungslinie des Ruckenmarks, Berl. klin. Wchn- 
schr. 58:1289-1293 (Oct. 31) 1921. 


dura to the tumor, reported in a few cases), 
while in other cases both the fat and the pro- 
liferation of connective tissue were manifestations 
of the same process. 

The septal and stromal elements of the tumor 
have connections with the capsule and must be 
of similar pial origin. A false impression of the 
amount and nature of the connective tissue pres- 
ent may be obtained if too much attention is paid 
to the piece of fat removed from the surface of 
a lesion incapable of being totally removed. Most 
of the tumors showing pronounced fibrous hyper- 
plasia at the tumor-cord interface are almost 
wholly fatty in the locations from which one 
would take a bit for biopsy. 

In 15 cases nerve roots traversed the lipoma; 
in 5 cases they did not, and in 2 cases roots were 
probably implicated but surgical exploration was 
not extended to determine this point. In 
8 instances (Gowers®; Spiller®; Ritter^®; 
Scherer ; Guillain, Bertrand and Salles ; 
Baker and Adams ®® ; cases 2 and 3 of this series) 
the roots were more or less extensively broken 
up by fat, which in some manner had insinuated 
itself into the spaces between the individual nerve 
fibers. Instead of the root fibers traversing the 
fat in well defined bundles of normal size, the 
bundles were filled with fat, as though the fat 
had arisen from an element in intimate contact 
with the individual fibers or had extensively 
invaded from without. The appearance of such 
an area on cross section, especially with the 
myelin stains, is somewhat like that of the mag- 
netic field of a straight bar magnet when de- 
lineated by iron filings on a- sheet of paper. 
Scherer’s figure 3 is the most perfect illustra- 
tion of this iron filing effect imaginable, for it 
shows the complete pattern. Figure 4 in the 
article by Guillain, Bertrand and Salles and an 
illustration in Spiller’s report ® show this effect 
less completely. Figure 1 a of this study repre- 
sents a small area of a root-bearing field cut on 
a plane parallel with the fibers, but the field it 
too small and the magnification too great to 
demonstrate the iron filing effect. 

The fatty tissue of the intradural lipoma is 
practically never any but adult adipose tissue. 
In 20 reports the fat was described by this term 
or by synonymous terms. In an additional 5 
cases the tumor was a mixture of adult adipose 
tissue and fibrous tissue — fibrolipoma. In the 
case of Ritter all the transitions from em- 
bryonic fat to adult fat were shown. Along the 
capsule and septums this new formation of fat 
was going on. This lipogenesis, together with 
the actively growing extensions into the cord and 
the rapid progression, certainly justifies the desig- 
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nation of liposarcoma. In a single instance (case 
2 of this series) tissue suspected of being 
m3'-xomatous was present. 

Granted that the tumor described by Ritter 
was malignant, were not some of the other 
tumors malignant, too? Turner’s was the only 
one so described by the author. It is certain that 
under the influence of either the lipoma or the 
factor causing the lipoma the fine strands of pia 
which normally follow vessels into the cord and 
the septums which extend into the cord from the 
pia and the root endoneurium become hyperplas- 
tic and increase their cellularity. This invasion 
of pial connective tissue within the neural tube 
seems to have some of the essential characteristics 
of malignancy. The tissue appears to be pro- 
liferating, though ever so slowly, and the invasion 
is so pronounced as to make impossible complete 
local eradication. 

The one question on which, it seems to us, the 
problem of malignancy turns is whether or not 
these hyperplastic extensions cause destruction 
of the tissue of the cord. At first glance it seems 
as though they did, but it must be remembered 
'that no case is pertinent to this discussion if 
pressure on the cord by the mass of the tumor 
went unrelieved before destruction of the cord 
was already present. In cases in which both the 
invasion and the pressure operate, it is impossible 
to say which was the cause of the destruction. 
If one could answer affirmatively the question 
whether after the almost complete removal of 
the lipomatous mass the fibrous extensions into 
the cord continue to grow and to destroy the 
cord in the absence of recurrence of a pressure- 
producing mass the process would have to be 
considered malignant. There is, however, no 
case in which such an answer can be given. In- 
deed, certain cases tend to indicate that destruc- 
tion of the cord does not proceed after removal 
of the pressure. In the case of Kernohan, Wolt- 
man and Adson relief from pressure on the cord 
was effected by partial removal of the tumor 
and wide laminectomy, and the condition, instead 
of continuing to grow worse, became entirely 
normal and began to regress only after an in- 
terval of nine years, when, presumably, the 
pressure on the cord again became operative. 

The validity of this line of thought is greatly 
diminished because there is no definite evidence 
that the cord was invaded in the manner under 
consideration. The cord in case 2 of this series 
was definitely invaded, and the patient has shown 
steady improvement over her postoperative con- 
dition during the past eight years. Counteracting 
this result is tliat in the case reported by Stookey, 
who secured improvement over a three year 


period, when regression began. It cannot be said 
with assurance that any tumor except Ritter’s 
was malignant, and it is our opinion that this 
cellularity and invasive aspect of the pial exten- 
sions into the cord do not constitute malignancy. 

Etiologic Aspects of Intradural Lipoma . — The 
puzzling question of the origin of lipomas in a 
location ordinarily considered to be devoid of 
fat cells has received the attention of a number 
of recent investigators (Ritter^®; Henneberg®^; 
Stookey ; Bielschowsky and Valentin ; 
Verga ; Krainer ; Scherer ; Guillain, Ber- 
trand and Salles ; Bucy and Gustafson ; 
Jabotinski As Verga®® indicated, in speak- 
ing of intraspinal and intracranial lipomas as a 
group, any hypothesis must account not only for 
the masses of fat within the dura mater but for 
the constant intimate relation of the tumors to 
the pia mater, the connective tissue stroma 
(sometimes osseous in cases of intracerebral 
lipoma) , the frequent association with anomalies 
of development and the preponderant location 
in the midline. To these features should be added 
the predilection for the cervicothoracic junction 
of the cord and for the dorsal surface of the cord, 
the frequent early onset and the notable poten- 
tiality for growth within the entering posterior 
roots. It is our opinion that the iron filing effect 
cannot be explained satisfactorily by invasion of 
the root from without. No cells visible in these 
regions appear capable of such an invasion. The 
fat must be considered to have arisen within the 
root at the same time as, and as an inseparable 
feature of, the rest of the fatty mass. 

It was shown long ago that, contrary to appear- 
ances, the leptomeninges actually do contain small 
amounts of fat, and Virchow,®® in 1863, availed 
himself of this knowledge to explain intradural 
lipomas, for it was his expressed view that these 
growths arose from these self same fat cells. As 
a larger number of cases accumulated, it became 
apparent that the great majority of lipomas, es- 
pecially of the brain, occurred in sagittal loca- 
tions, whereas if any fat cells in the pia were able 
to proliferate on occasion this distribution should 
not obtain. Neither does this hypothesis apply 
satisfactorily to spinal lipomas, none of which 
have been reported to occur on the anterior sur- 

36. Verga, P., cited by Sperling and Alpers.i 

T. . Die Him- und Riickenmarkslipome, 
Virchows Arch. f. path. Anat. 295:107-142 (July 8) 

38. Sch^ej, E. : ^ (a) Ueber die pialen Lipome dcs 
Gehirns : Beitrag eines Falles von ausgedehnter menin- 
gealer Lipomatose einen Grosshimhemisphare bei 

Neurol, u. Psychiat. 154: 

45-61, 1935; (&) footnote 25. 

39. Virchow, R., cited by Sperling and Alpers.i 



18 


ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


face of the cord. The crucial point against Vir- 
chow’s hypothesis is that adult fat cells do not 
reproduce themselves (V^ells and that, what- 
ever adult fat cells come from, it is not other 
adult fat cells. 

A second concept was that of Rindfleisch,'*^ 
who described lipomas originating through depo- 
sition of fat in newly formed cell aggregates 
deriving from the connective tissue. He did not 
associate formation of fat with primitive cells 
but, rather stated that it is a property of common 
connective tissue to proliferate and then to be- 
come adipose. Unexplained by this hypothesis 
is the predilection for sagittal locations in the 
brain and dorsal locations in the cord. Further- 
more, fibroblastic cells are probably differentiated 
cells incapable of giving rise to other types 
(Maximow and Bloom ^“). Wilson, Bartle and 
Dean expressed the opinion, however, that the 
tumor they had described arose through meta- 
plasia of the adult connective tissue of the pia. 

A third possibility, briefly mentioned by Gow- 
ers, and then dismissed, placed the origin with 
fatty substances liberated by the degeneration of 
neural structures. 

A fourth hypothesis (Taubner^^) placed the 
parentage with glia cells which proliferate and 
undergo fatty degeneration. Stookey briefly 
considered a somewhat similar origin from glia 
which picks up fat abnormally. Weighty evidence 
lies against any such origin. The capsule of the 
lipoma and the septums separating the tumor 
from the cord have been, without exception, of 
mesodermal, and not of glial, origin. Glia has 
never been observed to take up fat in a huge 
uniglobular manner so as to simulate adipose 
tissue. 

The predilection for sagittal locations has been 
given such importance by some investigators that 
they have proposed an origin through inclusion 
of misplaced elements within the closing lips of 
the neural groove. Bostroem grouped der- 
moid, epidermoid and lipoma in the same 
category as inclusion tumors stemming from 
embryonic error before the 5 somite stage. Della 

40. Wells, H. G. : Adipose Tissue, a Neglected Sub- 
ject, J. A. M. A. 114:2177-2283 (June 1) 1940. 

41. Rindfleisch, E. : A Manual of Pathological His- 
tology- to Serve as an Introduction to the Study of 
Morbid Anatomy, translated by E. B. Baxter, London, 
New Sydenham Society, 1872, vol. 1, p. 168. 

42. Maximow, A. A., and Bloom, W. : A Textbook 
of Histologj-, ed. 2, Philadelphia, W. B. Saunders Com- 
pany, 1934. 

43. Wilson, G. : Bartle, H., Jr., and Dean, J. S. : 
Intradural Spinal Lipomas, J. Xerv. & Ment. Dis. 91: 
743-753 (June) 1940. 

44. Taubner. cited by Sperling and Alpers.i 
43. Bostroem, E., cited by Sperling and Alpers.’^ 


Rovere^® expressed the opinion that the inclu- 
sions causing lipoma were of mesodermal origin. 
Ernst stated that some portion of the dermal 
anlage was sequestered in the closing neural 
tube. Stookey discussed the pros and cons of 
this hypothesis in considerable detail, and, though 
he was not entirely satisfied with it, he accepted 
it as the best of the explanations available at the 
time. 

The very fact that this hypothesis is formu- 
lated particularly to explain the sagitally located 
tumors proves to be its greatest weakness, for 
while it well explains the tumors in the midline, 
it is so inflexible that tumors not in the midline 
must be accounted for on some other basis. How, 
for instance, may one explain the bilateral lipoma 
of the medulla lying in the cerebellopontile angle 
which was observed by Wolbach and Millet or 
the 2 tumors of Elsberg,^^ which arose from the 
portion of the cord anterior to the posterior roots, 
or the many other laterally, or even ventrally, 
placed lipomas (Misch^®)? 

Furthermore, these lipomas are never sur- 
rounded by cord tissue, as one would expect if 
their aniages had been able to get within the 
closing neural tube. In a single case (Jabotin- 
ski’s) a portion of the fat was truly intramedul- 
lary. These lipomas, lying in the pia as they do, 
are of, but not in, the cord. This location seems 
to speak against their having developed from any 
germ within the neural tube. 

In association with spina bifida fatty masses 
are seen which may arise by the inclusion of fat 
precursor tissue within the sclerotomes before 
the neural arch closes, but the absence of exten- 
sive spina bifida in the cases in which there ai’e 
huge intraspinal lipomas speaks against the 
hypothesis of inclusion as applying to the latter 
group. Closure of the neural arch is a sensitive 
process and is liable to interference by minor dis- 
turbances, many not even giving rise to clinically 
detectable lesions, as in the case of spina bifida 
occulta. That a mass of tissue could become 
misplaced between the closing neural arches with- 
out causing them to stay open seems unlikely. 
The absence of dural attachments in almost every 
case is also against such an origin for these 
tumors. An argument applicable only against 
the hypothesis of epiblastic inclusion is the con- 
stant absence of any ectodermal tissue in the 
lipomas, except for the infiltrated cord and the 
ner\-e roots. The observation that a variety of 

46. della Rovere, D., cited by Ritter and by 
Stookey.-i 

47. Ernst, P., cited by Sperling and Alpers.’^ 

48. Miscb, W. : Meningeal Lipomas in the Foramen 
Magnum, J. X'eurol. & Psychopath. 16:123-129 (Oct.) 
1935. 
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congenital defects are present in cases of intra- 
dural lipoma cannot be marshaled as evidence in 
support of the inclusion hypothesis alone, for it 
equally supports any hypothesis assuming an 
origin in defective embryogenesis, whether it is 
misplacement, abnormal persistence or abnormal 
differentiation of the anlage. 

Another hypothesis of the origin of pial lipo- 
mas, advanced by Verga, attributes them to em- 
br}mnic mesenchyme persisting from the early 
stages of primitive meningeal formation, which 
then forms the aberrant lipomatous growths. 
Krainer reached much the same conclusion, but 
with embellishments. He concluded that these 
lipomas were not primarily independent growths ; 
rather, he said that they were malformations of 
some element in the primitive meninx which, 
though it differentiated abnormally, continued to 
behave like the meninx toward vessels and 
nerves. By this he meant that the fatty masses 
do not expand and displace nerves and roots, 
with regard for nothing but their own enlarge- 
ment. It is as though some part of the primitive 
meninx, through an unknown defect, oriented its 
differentiation toward adipose tissue rather than 
toward fibrous connective tissue. Since the nor- 
mal pia admits the posterior roots through the 
pial ring and continues out within the nerve as 
endoneurium, the adipose pia does likewise. 
Whatever independent growth the tumor shows 
is secondary. This hypothesis is attractive, for 
a number of reasons. It harmonizes with the 
intrapial location of the tumors and, especially, 
with the growth within the roots. The short- 
comings of the hypothesis are its lack of spe- 
cificity concerning the exact cells responsible for 
the formation of the fat, the cause of this forma- 
tion and its failure to explain the predilection for 
the cervicothoracic region of the cord. 

The possibility of origin in a fat embolus was 
embodied in a question put to Stookey by Dr. 
Beverley Tucker during the discussion which 
followed the presentation of his paper. It has 
not been considered since. 

The most recent proposal is that of Scherer,^®® 
who adapted Wassermann’s researches on the 
origin of adipose tissue to pial lipoma. Contrary 
to the view expressed by Flemming and other 
investigators that the fat cells are derived from 

49. _Wassermann, F. ; Die Fettorgane des Alenschen. 
Entwicklung, Bau und systematische Stcllung des 
-sogenanntcn Fettgcwebes, Ztschr. f. Zellforsck u. mikr. 
.\nat. 3:235-328 (Feb.) 1926. 

50. Flemming, W., cited by Bell, E. T.: I. On the 
Occurrence of Fat in the Epithelium, Cartilage and 
Muscle Fibers of the Ox; II. On the Histogenesis of 
the .Adipose Tissue of the Ox, .Am. J. .Anat. 9:401-438, 
1909. 


fibroblasts, Wassermann confirmed the hypoth- 
esis of Toldt®^ that fat is a specific tissue de- 
rived independently of the fibroblasts. In early 
embryogenesis, when the capillary net is develop- 
ing in mesenchymal reticulum, the embryonic 
vessels are surrounded by primitive mesenchymal 
elements, some of which persist and later give rise 
to the primitive fat organs which form the nucleus 
of the fatty lobes and adipose tissue of later life. 
Adipose tissue is thereby closely related to for- 
mation of vessels and is to be considered a part 
of the reticuloendothelial system. Capillaries are 
of course everywhere, and the formation of a 
lipoma becomes easily explicable. This simple 
hypothesis fails to explain satisfactorily the predi- 
lection of lipomas for certain locations, their 
rarity in a vascular membrane, such as the pia, 
and the association with other anomalies. 

Is it possible to formulate a hypothesis which 
will explain all the observed facts about these 
lesions, square with the newer concepts of menin- 
geal origin and fat formation and harmonize, to 
some extent, the various hypotheses already con- 
sidered? The following hypothesis seems to do 
so. 

, The divergent views of investigators who 
would derive the meningeal investment entirely 
from mesoderm (Weed®^; Flexner®“) and of 
others who would assign to the neural crest an 
important part in the genesis of these structures 
(Harvey and Burr ; Harvey, Burr and Van 
Campenhout ; Raven seem now to be re- 
solved. The neural tube is early invested by the 
circumferentially flowing mesenchyme of ecto- 
dermal origin — ^the neural crest. This leptomen- 
ingeal anlage is not of single derivation, for 
mesodermal tissue — endodermal mesenchyme — 
mingles with it. Before long these two mesen- 
chymes lose their distinguishing characteristics 


51. Toldt, C, cited by Bell, E. T. : I. On the Occur- 
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and become more difi'erentiated in their pi’Ogress 
toward the adult pia-arachnoid. Further differ- 
entiation is dependent on the extramedullary 
passage of ventricular fluid. The surrounding 
mesoderm forms the dural lamina, but even this 
is not pure endodermal mesenchyme, for neural 
crest elements contribute to it. 

Whether the vascularization of this compound 
pial anlage is accompanied by invasion of vessels 
from without or by formation of capillaries within 
its substance is of no importance to this discus- 
sion. The point is that both the pial anlage and 
the surrounding mesenchyme are of compound 
origin and become a more differentiated tissue 
composed of an apparently single element before 
vessels appear in the pia. Any fat appearing in 
the meninges must come from mesenchymal cells 
persisting around the capillaries. These mesen- 
chymal cells are somehow prevented from form- 
ing fat in all but a few cases, and it may be 
hypothesized that this potentiality is almost com- 
pletely held in abeyance by some local peculiarity 
of the tissue resided in. Perhaps the presence of 
mesenchyme of ectodermal origin exerts this in- 
fluence. Formation of fat in other organs and 
locations is held in check for reasons which must 
be resident in the specific locations. The check 
on formation of fat fails because of some defi- 
ciency of the crest elements in the developing pia 
in certain locations. That this deficiency is but 
a part of a more or less generalized defect of ec- 
toderm is suggested by the occurrence of other 
congenital defects, almost all of which originate 
in ectodermal faults. 

Reasoning from the predominance of subcu- 
taneous lipomas over the upper part of the back, 
the shoulders and the neck and the location in 
these segments of the interscapular gland of some 
animals (Geschickter ^"), one may say that the 
potentiality for formation of adipose tissue in 
these segments is greater and the orientation to- 
ward formation of fat in the pia of these segments 
is stronger than in other locations because of its 
derivation froni similar mesenchyme, and con- 
sequently it more often overcomes the checking 
influence. The predominantly dorsal location on 
the cord and the failure of the fat to encircle the 
cord completely may be due to the fanning out of 
the crest elements as they flow around the cord, 
so that as mpre anterior positions are reached the 
deficient region is adequately covered by nonde- 
fective crest froni adjacent segments. This 
hypothesis explains the intimate association of 
fat in roots because the rcots penetrate a pia des- 
tined to become adipose and the fat actually 
develops in the pial ring and endoneurium. The 
hyperplastic nature of the strands invading the 


cord from the inner surface of the septum sepa- 
rating the cord from the tumor is perhaps to be 
regarded as a preparation for transformation 
into adipose tissue. Formation of fat in these 
strands, is an observed fact. 

Whether this panniculus adiposus of the pia is 
to be regarded as a neoplasm or as a malforma- 
tion, as Krainer would have it, is a difficult 
question. The tumor described by Braubach did 
not respect the nerve roots, for it displaced them 
anteriorly and, though these root fibers were said 
not to be severely degenerated, the arm served 
by them was paralytic. Certain tumors (Ritter; 
Oppenheim and Borchardt; Stookey; Bucy and 
Gustafson) had free poles, a feature indicating 
that the fatty mass increased in a longitudinal 
direction so that it spilled over the ends of the 
region giving rise to it. This may or may not 
indicate independent growth. If we may disre- 
gard for the moment the question of independent 
growth, it appears to us that there is no essential 
difference between the formation of fat in greatly 
abnormal amounts in the pia and the formation 
of an abnormal mass of fat in the subcutaneous 
tissue. Both processes require the proliferation 
of fat precursor cells and subsequent differentia- 
tion into the adult type. Both processes imply 
a failure of regulatory activity. From a philo- 
sophic point of view both masses are to be re- 
garded as neoplasms. 

EXTRADURAL LIPOMA 

f 

The cases of fatty tumors lying outside the 
dura are neither so numerous nor so adequately 
reported as cases of the intradural variety. A 
large percentage were reported during the pre- 
vious century, and there has been no increase in 
the number of cases recorded recently, such as 
was observed with the tumors inside the dura. 
This perhaps is to be explained by the fact that 
there has been a recent renewal of interest in the 
formation and nature of the leptomeninges and 
fatty tumors in this location are regarded as of 
special significance. Extradural lipoma, how- 
ever, is of a commoner cut, needing no special 
explanation, exciting less interest and more often 
going unreported. 

Table 2 lists the cases of extradural lipoma in 
chronologic order. Additional data on 3 cases 
of extradural lipoma observed at the Mayo Clinic 
(cases 18, 19 and 20 of table 2) follow. 

Cask S. — A man aged 49, a merchant, registered at 
the clinic on May 6, 1912, with the complaints of weak- 
ness of the legs associated with spasms which doubled 
up the legs, pain in the back which extended around 
the body and difficultj’ in starting the flow of urine. 

The family history and the patient’s previous medical 
history were noncontributory. The trouble had begun 


Table 2 . — Data on Tiucnty Cases of Extradural Lipomas 
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• Tills report tabulated 2 anglollponins. One may have been Llebscher’s, but the other was not previously reported; we hero include it with the information available, 
f Sachs did not consider this a llponin, but It continued to increase In size after It had fulfilled the function ascribed to it. It compressed the cord, and wo consider it lipomatous for our purposes. 



22 


ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


one year prior to registration in the clinic, when the 
right leg became weak for three weeks and then re- 
turned to normal. Six months before registration the 
left leg began to weaken and in three months becarne 
so weak that the assistance of a cane was required in 
walking. A month later the right leg again became 
weak, and the patient was soon unable to stand. Then 
there developed flexor spasms in the kg and a pain in 
the back, which extended about the body. No mention 
was made of exaggeration of this pain at night or on 
straining. Soon all voluntary motion had departed 
from the legs. Constipation and the urinary difficulty 
completed the picture. The weight had dropped from 
220 to 165 pounds (100 to 84 Kg.) in an unstated 
period. 

Examination revealed a painful zone over the mid- 
thoracic spinous processes, a sensory level at the ninth 
thoracic dermatome below which touch was normal but 
appreciation of heat and cold was absent, severe spastic 
paraplegia, increased patellar and achilles reflexes, ankle 
clonus and a Babinski sign bilaterally. Roentgenograms 
of the spinal column revealed nothing abnormal. 

On May 16, 1912 laminectomy of the fifth to the 
eighth thoracic vertebrae was performed. Just as the 
lower part of the incision was being dealt with in a 
location where the intraspinal contents seemed enlarged, 
the patient’s condition became alarming and the incision 
was closed. Eight days later additional neural arches, 
extending from the lower end of the previous incision, 
were removed, together with an extradural lipoma. 

The surgeon was inclined to be hesitant in ascribing 
the trouble to this fatty mass, but four years later the 
patient reported that he had had steady improvement 
and was walking with a cane. Laxatives were re- 
quired, but he had good vesical and rectal control. 
Slight numbness was present in the legs. The spasms 
had disappeared. The eventual outcome is unknown. 

The specimen is no longer available, and no descrip- 
tion of the tumor was given except that it was called 
a lipoma. 

Case 6. — A white woman aged 33, a housewife, 
registered at the clinic on Aug. 2, 1933, with the com- 
plaint of weakness of the legs, urinary urgency and 
numbness extending to the waist. 

The family history was of possible significance. 
Obesity was a trait of the patient’s maternal ancestors. 
One sister was obese, and her mother died of diabetes 
and paralysis. The patient weighed only 98 pounds 
(44 Kg.) when she married, but with each of four 
pregnancies she gained 20 to 30 pounds (9 to 14 Kg.), 
and at the time of registration she weighed 202 pounds 
(92 Kg.), although she was short. 

The patient’s trouble had had its onset on Dec. 28, 

1930, at which time she was in the third trimester of 
pregnancy. While she was attending her mother’s 
funeral her feet became numb. This numbness slowly 
increased but did not occasion any alarm until Feb. 4, 

1931, when, during parturition, she suddenly lost all 
sensation and motion from the upper part of the 
abdomen down. A week and a half later there was no 
improvement, and the patient was told that she could 
never recover. The next day she could wiggle her 
toes. By May 1931 her condition had improved to such 
an extent that her feet merely felt heavy and slightly 
numb, and she was able to do all her own work. This 
status obtained until December 1932, when she suddetdy 
became numb to tlie waist. Inc 'easing paraparesis and 
urinary urgency began soon afterward. 

The results of physical examination were unremarkable 
except for the obesity and the neurologic signs. There 


was complete anesthesia from the costal margin down 
except for an area of seemingly normal sensitivity in 
the right lower sacral and coccygeal dermatomes and 
areas of only moderately diminished sensitivity over 
the lower portion of each calf and the posterolateral 
aspect of the left hip and thigh. Joint and vibratory 
sensibilities were absent as high as the iliac spines. 
Power in the legs was moderately diminished, without 
any particular muscle groups being selectively affected. 
The abdominal reflexes were absent. A Babinski sign 
was obtained bilaterally. The patellar and achilles re- 
flexes were moderately hyperactive but equal -on the 
two sides. There was no clonus. The heel to knee 
and the Romberg test gave results indicative of dis- 
turbance of the proprioceptive sense. The tone of the 
anal sphincter was normal. 

Roentgenograms of the spinal column and thorax 
revealed nothing abnormal, and results of routine ex- 
amination of the blood, urinalysis and flocculation tests 
were normal. Lumbar puncture revealed an initial 
pressure of 12 cm. of fluid, and the pressure rose to 36 
cm. after ten seconds of jugular compression. Ten 
seconds after release of the compression the pressure 
was 30 cm.; after an additional ten seconds it was 28 
cm., and it then fell to 7 cm. The protein amounted 
to 30 mg. per hundred cubic centimeters of cerebro- 
spinal fluid. 

On Aug. 8, 1933, 4 cc. of iodized poppyseed oil was 
injected into the lumbar subarachnoid space, and a 
complete obstruction was demonstrated at the level of 
the eighth thoracic vertebra. The following day lami- 
nectomy of the eighth to the sixth thoracic vertebrae 
was performed, and a reddish yellow mass, 10 cm. 
long, 2.5 cm. wide and 1.5 cm. deep, was observed on 
the posterior surface of the dura. The dura was very 
thin under the mass, and the cord seemed to be flattened 
to about two-thirds the normal thickness. The tumor 
and the surrounding bone were vascular. Total re- 
moval of the tumor was effected. 

Twenty days after the operation the patient estimated 
her motor improvement at 25 per cent and her sensory 
return at 75 per cent. Examination demonstrated that 
appreciation of light touch had returned to normal in 
all areas, while pain and temperature sensibilities had 
improved greatly. Joint sense was normal, but vibra- 
tory sense was greatly reduced over the right ankle. 
The tendon reflexes were the same as before. The 
abdominal reflexes were barely elicited, and the Babin- 
ski sign could no longer be obtained on the right side. 
Examination a year later revealed that her neurologic 
condition was normal. A letter from her, dated Sept. 
8, 1943, stated that she had been doing all her own 
work since the operation and that she was free of 
symptoms except for mild lameness in the back and 
occasional sick headaches. 

The tumor was of soft consistency, and its surface 
was traversed by delicate fibrous strands. The gross 
and microscopic features were the same in all parts of 
the tumor. The sections showed that the tumor was 
composed of a mixture of fatty and vascular elements 
(fig. 7a). It is estimated that the fatty tissue consti- 
tuted two thirds and the vascular tissue one third of 
the tumor. The vessels were mostly the size of small 
veins, and their walls were invariably thin, being com- 
posed of slender collagenous bands, bearing a few 
fibrocytic cells oriented with the circumference of the 
vessels. The attenuated walls of the fat cells lying 
between the vessels made dichotomous junctions with 
the walls of the vessels. In a number of locations, 
especially where the vessels lay close to one another 
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and were not separated by fat, the vessels were ob- 
served to be connected by light collagenous tissue bear- 
ing cells with lightly stained cytoplasm and oval to 
elongate vesicular nuclei, A few small arteries and 
arterioles were evident in the tumor, and a few fibrous 
septums partitioned the tumor in an incomplete fashion. 
These septums were unremarkable histologically and 
were unobtrusive. The fat cells which filled the spaces 
between the vessels were all of adult adipose tissue 
type and no embryonic, xanthomatous or myxomatous 
regions or cells \\ere present. 

Case 7.— A man aged 68, a railway coach carpenter, 
legistered at the clinic on Oct. 5, 1942, complaining of 
burning sensations and progressive weakness and in- 
coordination of the legs and swelling of the feet tow ard 
the end of the day. 

The family history and the patient’s previous medical 
history w'ere unimportant. The swelling of the feet 


S 3 '’stem. Cutaneous sensibilities were moderately dimin- 
ished over both legs. Vibratory anesthesia was com- 
plete to the iliac crests, while joint sense was greatly 
diminished in the toes of the right foot and less so in 
the toes of the left foot. The gait w^as of spastic type, 
and ataxia was prominent. The right leg was demon- 
strably weakened and spastic, but not so the left leg. 
The patellar reflexes w^ere increased but equal on the 
two sides. The achilles reflexes were unequal on the 
twm sides, the response on the right side being 
the stronger. The Babinski sign was present bilateralljq 
being stronger on the right side than on the left. 

Roentgenograms of the spinal column revealed noth- 
ing significant. On lumbar puncture the rapid rise but 
slow fall of the fluid suggested a partial block. The 
spinal fluid w'as colorless; the serologic reactions were 
negative, and the total protein amounted to 75 mg. per 
hundred cubic centimeters of fluid. After the lumbar 
puncture vague impairment of sensation appeared be- 



Fig- 7— (a) Extradural lipoma (case 6), showing small, thin-walled ca\ernous blood spaces interspeised with 
adipose tissue of adult type (hematoxylin and eosin stain; X 150). (b) Extradural lipoma (case 7), showing its 
angiomatous and lipomatous nature. The vessel walls are slightly thicker; the variation in the size of the vessels 
is greater, and there is more connective tissue present than with the tumor shown in a (hematoxylin and eosin- 
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had begun in September 1941 ; it had not been bother- 
some, had affected the right foot more than the left 
and had not been associated with other sjTOptoms until 
April 1942, when the burning sensation appeared in the 
right foot. In a few weeks the left foot began to burn 
similarly, and in a few more weeks the burning ascended 
both legs to the groins. This sensation was more 
severe on the anterior than on the posterior aspects of 
the legs. The soles of the feet felt as though he were 
walking barefooted on cinders. In June 1942 weakness 
and lack of coordination of the legs made their appear- 
ance and steadily increased in severitj-. The right leg 
had given moie trouble than the left. Examination did 
not reveal signs of significance except in the nervous 


low' the twelfth thoracic dermatome. Iodized poppy- 
seed oil injected into the caudal subarachnoid space 
demonstrated a protruded disk at the first lumbar inter- 
space on the left side and complete obstruction to the 
upw-ard passage of the oil at the level of the eighth 
thoracic vertebra, apparently due to a mass lying dorsal 
to the cord. 

On October 16 laminectomy of the eighth and ninth 
thoracic vertebrae was performed with local infiltration 
anesthesia, and a soft, reddish yellow, e.xtradural tumor, 
measuring 2 by 3 cm., was exposed. This was easily 
separated from the dura, and the incision was closed 
after immediate examination of frozen tissue had re- 
vealed a vascular lipoma. 
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■ Neurologic examination on October 29 showed only 
diminution of appreciation of touch, pain and tempera- 
ture on the lateral aspects of both thighs, moderate 
diminution of vibratory and joint senses in the legs and 
a weak Babinski sign bilaterally. Strength in both 
legs was normal; the tendon reflexes were equal on 
the two sides, but the patellar reflexes seemed somewhat 
hyperactive. A recent letter indicated that recovery 
has been complete. 

The surgical specimen was without external mark- 
ings of note. The histologic appearance of this tumor 
closely approximated that of the tumor in case 6 ex- 
cept that the vessels displayed more variation of size 
and the tumor was distinctly more cellular in places. 
There were areas where the mixture of fat and vessels 
corresponded to the appearance of the tumor in case 
6. In other regions the character of the tumor approxi- 
mated that of a cavernous hemangioma, with large 
dilated, tortuous blood spaces separated by but little 
fat (fig. 7b). In other locations the tumor was more 
cellular, and small vessels or blood spaces gave it a 
distinctly hemangioendotheliomatous aspect. Some of 
these small blood spaces accommodated but one or a 
few erythrocytes. No xanthomatous or embryonic fat 
cells were present. In numerous locations scattered 
throughout the tumor the adipose stroma widened to 
become a patch of cellular tissue, seeming capable of 
activity. The ground material in these regions con- 
sisted of a loose arrangement of fibrous strands and 
reticulin, in which there appeared a few lacunas con- 
taining erythrocytes. The cells of this tissue were 
fusiform and contained oval, elongated or crescentic 
nuclei, which stained more lightly than the fibrocytic 
nuclei. There were no mitoses, and one searched in 
vain for new formation of fat. All the fat-containing 
cells were typical adult cells filled with a single large 
globule of fat. 

Clinical Features oj Extradural Lipoma . — ^The 
17 cases of extradural tumor found in the litera- 
ture and the 3 cases reported in the present series 
make a total of 20 cases available for collation. 
On the basis of reported cases, therefore, extra- 
dural lipoma appears to be even rarer than intra- 
dural lipoma. 

The sex of 4 patients was not stated. Of the 
remaining 16 patients, 7 were males and 9 fe- 
males. Extradural lipoma seems not to favor any 
age, for it occurs with about equal incidence 
throughout the life span. The youngest patient 
was 1 year old and the oldest almost 70 (fig. 3). 
The duration of symptoms was rather short (fig. 
4) . Robarts’ patient had had symptoms for 
five years, and this was the longest duration in 
the entire series. Many of the patients had had 
trouble for but a few months. Only 4 had a his- 
tory extending back two years or more. The 
median duration was about one year. 

The outstanding complaint was one of weak- 
ness of the legs. Girdle pains were prominent 
in the recital of symptoms in 3 cases. The results 

57. Robarts, H. P.: Case of Disease of the Spinal 
Cord with Observations, London M. Gaz. 13:946-950 
(March 22) 1834. 


of physical examination were unremarkable on 
the whole. In 1 case (case 5 of the present 
series) a peculiar dissociation of sensation was 
exhibited ; the temperature sense was absent be- 
low the ninth thoracic dermatome, but the sense 
of touch was everywhere normal. Spinal punc- 
ture was performed in 4 cases. In 3 of these 
cases examination revealed a manometric block. 
In the 1 instance in which the manometric read- 
ing was normal the fluid contained globulin. In 
2 of the 3 cases in which fluid was obtained in 
the presence of obstruction the protein content 
was increased ; in the other case the protein was 
normal. 

In few of the cases of extradural lipoma were 
there congenital defects. In 2 cases (Pick®®; 
Sachs severe kyphosis developed after birth, 
and in each instance the angle of the gibbus was 
over the level of the tumor. It is not certain, 
however, that these 2 cases do not represent some 
other condition. In Berenbruch’s case the pa- 
tient was born with one lipoma and one vascular 
lipoma, both in superficial locations. In 3 cases 
the patient was obese, and in 1 of these cases 
there was a history of obese maternal forebears. 
We have no assurance that obesity was not pres- 
ent in. some of the other cases. In 3 cases dis- 
turbances of formation of adipose tissue or of fat 
metabolism were evidenced by “generalized 
lipomatosis” (multiple lipomatosis [?]) , by mul- 
tiple myxomatous lipomas and by lipomas of the 
dorsal roots. 

The method used in assessing the segmental 
distribution of the intradural lipomas was re- 
sorted to with the extradural variety. The con- 
clusions to be drawn from figure 8 are evident. 
In only 2 cases did the tumor not lie, at least in 
part, in the thoracic portion of the spinal canal. 
The 3 larger tumors extended above and below 
the thoracic portion, but their greatest extent was 
within this portion of the canal. The sixth to 
the ninth thoracic segments w^ere the areas most 
often affected. Nearly all the extradural lipomas 
developed on the dorsal aspect of the dura. 

In gross and histologic features extradural 
lipoma is unlike intradural lipoma. Half of the 
20 tumors were definitely or presumably of ordi- 
nary adipose tissue. Many of these tumors were 
described long ago, without histologic study. The 
remaining 10 tumors were of three types : Seven ■' 
were mixtures of adult fat and vessels of various 
sizes and quantities. One of these (Beren- ' 


58. Pick, L., cited by Sachs.=» ' 

59. Sachs, E. : An Unusual Case of Paraplegia^ 
Associated with Marked Gibbus and a Localized Col- 
lection of Fat at the Site of the Gibbus, T. Bone & 
Joint Surg. 7:709-719 (July) 1925. 

60. Berenbruch, K., cited by Stookey.21 
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bruch was an angioma with fat dispersed 
through it. Another (Kasper and Cowan 
was described as a lipoma with moderately large, 
blood-filled vessels. Five tumors were mixtures 
of angioma and lipoma in such proportions as to 
be best characterized as angiolipomas. Figure 
7 shows the justice of this designation. Two 
tumors were mixtures of adipose tissue and 
myxomatous material. One tumor was said to 
be of embryonic fat, but no further description 
was given. As mentioned before, the photo- 
micrograph presented with this case suggests that 
myxomatous material was also present. 



Fig. 8. — Longitudinal distribution of the extradural 
lipomas with reference to the spinal column. The num- 
bers at the top of the tumors refer to the cases as 
enumerated in table 2. The column at the right indicates 
the total number of times each segment is involved by 
tumor. The tumor numbered 16 extended two segments 
farther down than is indicated. 

Etiologic Factors of Extradural Lipoma. — Lit- 
.de is to be found in the literature concerning 
the genesis of lipoma from the extradural fat. 
Robarts speculated that the tumor reported by 
him arose in the blood clot supposed to have been 
nroduced by the blow to the back sustained two 
years prior to the onset of symptoms. The re- 


61. Kasper, J. A., and Cowan, A. : Extradural Li- 
oma of the Spinal Canal, Arch. Path. 8:800-802 
Nov.) 1929. 


markable feature of the extradural lipoma is not 
that it occurs but that it does not occur more 
often. Though the extradural fat is considered 
to be less fibrous and more buttery than the sub- 
cutaneous fat, there is nothing essentially differ- 
ent about it which would explain the paucity of 
lipomas originating from it. 

The extradural fat is more vascular than the 
subcutaneous fat, owing to the presence of the 
meningorachidian veins lying in association with 
it. The persistence of these vessels into adult 
life suggests that this tissue was much more 
vascular in embryonic life before the differentia- 
tion of the vascular plexus into the adult form. 
The researches of Wassermann and others indi- 
cating the common origin of the endothelium and 
the fat organ and the potentiality of the mesen- 
chymal cells about the capillaries of adult life 
for the development of either vessels or fat have 
been mentioned. That 7 of 20 extradural lipomas 
were angiomatous cannot but have Significance. 
It is probable that the lipoma of which we speak 
originates from certain of these bipotential cells. 
The disposition of these cells to form vessels is 
well demonstrated by the angiomatous character 
of the lipoma, and this angiolipoma points to the 
common parentage of the pure lipoma and the 
pure angioma — tumors so different in appearance, 
yet pathologic brothers. 

Three facts must be taken into consideration in 
any speculations on the etiologic factors con- 
cerned with extradural lipoma. First, the tumor 
does not seem to be of congenital origin because 
it occurs at all ages and the duration of symptoms 
is short ; it is unlikely therefore that the tumor is 
present for a long time before giving evidence. 
Second, the segmental distribution is not that of 
the intradural lipoma or of subcutaneous lipoma ; 
rather, it is that of the meningioma. Third, in an 
inordinate number of cases this tumor is asso- 
ciated with obesity and multiple lipoma. 

Is this tumor actually a meningioma? A tumor 
which is a meningioma beyond dispute because 
of the presence in it of masses of cells of the 
arachnoid cap type as the principal component 
may, of course, contain fat. The fat may occur 
scattered about the tumor and in some regions 
may be rather heavily deposited, but there is no 
difficulty in finding other regions in which sheets 
of plump cells, whorls or psammoma bodies are 
displayed. Photomicrographs of small regions 
of lipoblastic meningiomas presented with de- 
scriptions of these tumors are likely to be mis- 
leading because of the pardonable zeal of the 
authors to show the fatty parts more effectively. 

In no case of the extradural lipoma, on the 
other hand, did the tumor contain regions of cells. 
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anything like arachnoid cap cells. In case 7 of 
this series the tumor contained small islands of 
scattered cells, but they did not appear to warrant 
one’s calling the tumor meningiomatous. The 
preponderance of the growths in the thoracic 
region of the spinal column suggests the possi- 
bility that the tumor is a meningioma. This is 
countered by the fact that all the tumors lay on 
the external surface of the dura, without any 
penetration of this membrane. No lipomatous 
tumor has been observed attached to the inner 
surface of the dura except the 2 pial lipomas, 
which had secondar3>- attachments and tumors of 
the type which is indubitably meningioma 
(Brown , as mentioned previously. A further 
argument against this lipoma’s being' a menin- 
gioma lies in the absence of recurrence after 
simple cleavage from the dura without removal 
of the attachment. The subject of case 6 of this 
series was well more than ten years after such a 
removal. Whatever may be the cause of the 
lipomatous and angiomatous development from 
the fat, it is probably not any influence of the 
arachnoid or its derivatives. The occurrence of 
obesity and multiple lipoma indicates that the 
cause is to be sought in some abnormality of the 
fat organ. 

CLASSIFICATION 

Cornil and Mosinger proposed a classifica- 
tion of six types of intraspinal lipomas based on 
the relation of the tumors to the intraspinal con- 
tent: (1) intramedullary lipoma, (2) intradural 
extramedullary lipoma, (3) extradural lipoma, 
(4) radicular lipoma, (5) lipoma of the filum 
terminale and cauda equina and (6) multiple 
lipoma. At the time of the report by these 
authors no instance of lipoma of the roots, other 
than of the cauda equina, was known, and their 
fourth group was therefore theoretic. Case 3 of 
this series is an instance of a lipoma of a root in 
the thoracic region and so brings the fourth group 
of Cornil and Mosinger into the realm of the 
actual. Except for clinical purposes, there seems 
to be no reason for separation of lipomas of the 
cauda from lipomas of other roots. The tumors 
are so rare that even on this basis the separation 
appears undesirable. The inlramedullaiy group 
become theoretic if the tumor reported b}' 
Schmieden and Peiper is considered other than 
a lipoma, as has been suggested. 

62. Brown, M. H. : Intraspinal Meningiomas : A 
Clinical and Pathologic Study, Arch. Neurol. & 
Psychiat. '17;271-292 (Feb.) 1942. 

63. Cornil, L., and Mosinger, M.: Des Hpoiues in- 
trarachidiens, Arch, de med. gen. et colon., 1933, p. 220; 
book review. Rev. neurol. 1:634 (April) 1934. 


The 49 cases of intraspinal lipoma considered 
in this paper are capable of rational classification 
on a combined anatomic and pathologic basis. 
In this proposed classification each type is more 
homogeneous than those of Cornil and Mosinger, 
and certain groups carry implications of clinical 
and surgical importance. The numbers in paren- 
thesis following the individual types refer to the 
cases as numbered in tables 1 and 2. 

Extradural lipoma 

Tumor of adult adipose tissue (cases 1, 2, 3, 4, 6, 
8, 9, 12, 13 and 18) 

Tumor of adult adipose tissue and blood vessels 
(angiolipoma) (cases 7, 10, 11, 15, 16, 19 and 20) 
Tumor of adipose tissue and myxomatous tissue 
(myxolipoma) (cases 5 and 17) 

Embryonic lipoma (case 14) 

Intradural lipoma 

Massive tumor associated wdth severe congenital 
defects (cases 7, 14 and 25) 

Circumscribed pial tumor (cases 2, 3, 5, 6, 8, 10, 11, 
12, 13, 16, 18, 19, 20, 21, 22, 23, 24, 26, 27 and 29) 
Tumor of the intradural roots or the filum termi- 
nale (cases 4, 17 and 28) 

Liposarcoma .(case 9) 

Myolipoma (case 1) 

RELATION TO OTHER DISEASES 

The relation that the intraspinal lipoma bears 
to certain other diseases is of interest, and per- 
haps of some importance with regard to the 
causation of the related tumor. The probable 
absence of any relation between the extradural 
lipoma and the meningioma has already been in- 
dicated. Similar conclusions may be drawn con- 
cerning the pial lipoma. 

The probability that lipoma and angioma arc 
related neoplasms has been mentioned in con- 
nection with the causal factors in extradural 
lipoma. It is strange that the pial lipoma is not 
sometimes angiomatous, since it arises in a vas- 
cular membrane which sometimes gives rise to 
angiomatous masses. This brings to mind the 
case reported by Cobb,®^ in which a hemangioma 
of the medullary pial sheath was accompanied by 
vascular nevuses of the skin in the dermatome 
served by the affected segment of the cord. There 
arises the question of the relation between this 
occurrence and the instances of pial lipoma ac- 
companied by lipoma overlying the lesion of the 
cord. These cases seem to indicate the participa- 
tion of common mesenchyme with an abnormal 
potentiality for formation of tumor in the genesis 
of the pia. 

64. Cobb, S. ; Hemangioma of tlie Spinal Corel 
Associated with Skin Naevi of the Same Metamere, 
Ann. Surg. 62:641-649 (Dec.) 1915. 
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' Adair, Pack and Farrior drew certain 
parallels between multiple lipomatosis and the 
multiple neurofibromatosis of Recklinghausen. 
They pointed out that the tumors in certain cases 
of multiple tumors of nerves are not all of one 
type, some being neurofibromas and some lipo- 
mas. On the basis of these cases of mixed 
tumors and the many similarities between neuro- 
fibromatosis and multiple lipomatosis brought 
out in the present study, it appears that intra- 
spinal lipoma is in this category. Intradural 
(pial) lipoma originates in part from the endo- 
neurium of neiwe roots, which is of the same 
material as the pia. In rare cases an intradural 
lipoma arises solety from roots. Extradural 
lipoma may be accompanied by multiple lipoma. 
The question is certainly not simplified by the 
fact that the lipoma actually noted to involve 
roots by reason of its origin from the endoneu- 
rium (pial lipoma) is not accompanied by mul- 
tiple lipoma in the sense of Adair, Pack and 
Farrior while the tumor not springing from roots 
(extradural lipoma) may be so accompanied. 

Whatever the relation between lipoma and 
neurofibroma may be, it is obscure. Neurofibro- 
matosis has been related to tuberous sclerosis, 
Lindau’s disease and Sturge-Weber disease, and 
the group of diseases has been termed congenital 
ectodermoses (Yakovlev and Guthrie ®°) and 
phacomatoses (Brouwer, van der Hoeve and 
Mahoney®"). There appear to be reasons for 
including multiple lipomatosis in the group as a 
fifth type. The intraspinal lipoma may, there- 
fore, bear some relation to the aforementioned 
diseases, but that is a subject for future con- 
sideration. 

SUMMARY AND CONCLUSIONS 

Nearly 1 per cent of intraspinal tumors are 
lipomas. Three fifths of the lipomas are intra- 
dural, and two fifths are extradural. 

The distribution between the sexes is about 
equal for the two varieties of intraspinal lipoma. 

The onset of symptoms of intradural lipoma, 
with few exceptions, is before the age of 2 or 3 
years, at the beginning of the third decade or at 
the beginning of the fifth decade. Symptoms of 
extradural lipoma appear at any age. 

65. Adair, F. E. ; Pack, G. T., and Farrior, J. H. : 
Lipomas, Am. J. Cancer 16:1104-1120 (Sept.) 1932. 

66. Yakovlev, P. I., and Guthrie, R. H. ; Congenital 
Ectodermoses (Neurocutaneous Syndromes) in Epilep- 
tic Patients, Arch. Neurol. & Psychiat. 26 : 1145-1194 
(Dec.) 1931. 

67. Brouwer, B.; van der Hoeve, J., and Mahone 3 ^, 
W. : A Fourth Type of Phakomatosis : Sturge-Weber 
Sjmdrome, Amsterdam, Uitgevers-AIaatschappij, 1937. 


The duration of symptoms of intradural lipoma 
(before death or surgical removal) ranges from 
a few months to more than fifteen years. The 
median duration is about four years. The dura- 
tion of symptoms of extradural lipoma is usually 
short, the median being about one year. 

The clinical expression of intradural lipoma is 
distinctive for five reasons : (a) Definite root 
pains are uncommon despite the frequent in- 
volvement of roots by the tumor; (6) ataxia of 
the extremities due to deficit of position sense 
is occasionally one of the first manifestations of 
the lipoma; (c) unilateral flaccid paralysis of an 
arm associated with spastic paralysis of the legs 
is sometimes observed; (d) complete subarach- 
noid block is unusual despite the large size to 
which the tumor grows ; (c) discoverable changes 
in the spinal roentgenogram may be absent, but, 
on the other hand, the spinal canal may be 
widened for a considerable distance. 

Intradural lipoma occurs most commonly in 
the cervicothoracic region of the spinal cord. 
Extradural lipoma is most common in the lower 
part of the thoracic region. Both types of lipoma 
are far more common on the dorsal surface of the 
structure giving rise to them than on other sur- 
faces. 

All but 1 of the intradural lipomas were com- 
posed of adult adipose tissue or of adult adipose 
tissue with excessive fibrous stroma. Only half 
of the extradural lipomas were of adult adipose 
tissue ; most of the remainder were angiomatous ; 
a few were myxomatous ; 1 was of embryonic fat. 

Roots traversed the intradural lipoma in most 
cases, and it was common to see the fat lying in 
such intimate relation to the finer structures of 
the root as to lead to the supposition that the fat 
developed within the root and did not secondarily 
infiltrate it. 

Intradural lipoma is invariably observed to be 
separated from the neural tissue by a layer of 
fibrous tissue of pial derivation. A pial sheath 
covers the free surfaces of the tumor. Therefore 
the intradural lipoma is of pial origin. 

The connective tissues associated with pial 
lipoma show certain changes of a proliferative 
nature: (a) The endoneurium of traversing roots 
proliferates to form prominent fibrocellular 
masses within the lipoma; (b) the pial septum 
between the tumor and the cord thickens and 
sends heavy extensions into the cord; (c) the pial 
capsule over the surface of the tumor thickens 
and may become adherent to the arachnoid and 
dura. 

The apparent invasiveness of the connective 
tissue with regard to the cord is probably not an 
expression of malignancy. 
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Pial lipoma probably arises because of local 
failure of norriial control over formation of fat 
from the normally present pericapillary mesen- 
chymal cells. In these cells, which have fat-form- 
ing potentialities, a panniculus adiposus of the 
pia proceeds to develop. Whether this is neo- 
plastic or is a “malformation,” or whether there 
is any difference between the two, is an open 
question. 

Extradural lipoma seems to be related to a 
vague defect of the primitive fat-forming tissue 
itself. 

Neither form of lipoma is related to menin- 
gioma. 


There is a close relation between lipoma and 
angioma. Intraspinal lipoma appears to be re- 
lated to neurofibromatosis and the other “phaco- 
matoses.” 

Congenital defects are rather often associated 
with intradural lipoma. Obesity and multiple 
lipoma occasionally accompany the extradural 
lipoma. 

Note. — Since the preparation of this paper, an 
additional case of intraspinal lipoma has been 
reported from the Mayo Qinic.®® 

68. Ehni, G. T., and Pugh, D. G. : Intraspinal 
Lipoma, Proc. Staff Meet., Mayo Clin. 19:513-515 
(Oct. 18) 1944. 

The Mayo Clinic. 



PHENOMENON OF VISUAL EXTINCTION IN PIOMONYMOUS FIELDS 
AND PSYCHOLOGIC PRINCIPLES INVOLVED 


LIEUTENANT COMMANDER M. B. BENDER (MC), U.S.N.R. 

AND 

COMMANDER L. T.' FURLOW (MC), U.S.N.R. 


During World War I a variety of syndromes 
due to cerebral injuries were described. Among 
the numerous interesting signs noted was one of 
“visual inattention in homonymous fields,” or 
“hemianopsic weakness of attention.” Poppel- 
reuter^ observed 7 cases in which the patient^ 
was able to perceive only one of two figures or 
points simultaneously exposed on the sides of a 
central point of fixation. However, if only one 
figure was exposed in the “affected field,” the 
image was seen. Head “ noted this phenomenon 
in a case of a gunshot wound of the left occipito- 
parietal cortex, with residual aphasia and a right 
homonymous field defect, but his description 
lacks details. Riddoch ® reported 2 cases of 
defective attention in the right homonymous 
fields, and in both instances there was a neoplasm 
in the angular and supramarginal gyri on the 
left side. Akelaitis ^ described 2 cases of left and 
1 case of right homonymous hemiamblyopia due 
to head trauma in which attentiveness, as tested 
by Oppenheim’s method, was impaired. Oppen- 
heim ® suggested that the patient’s “attentiveness” 
be tested by simultaneous exposures to objects 
at identical points in each homonymous field 
because some patients fail to appreciate the 
image on one side, although they could see it if it 
were exposed alone in the same position. 

From the United States Naval Hospital, San Diego, 
Calif. 

Presented at the Seventieth Annual Meeting of the 
American Neurological Association, New York, May 20, 
1944. 
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All these authors assumed that this visual 
symptom was due to lack of attention on the 
affected side. Their descriptions are relatively 
meager, and, as Head stated,” “these changes 
have not been completely investigated.” Kluver,® 
in an extensive review of this and allied visual 
disturbances, made the same intimation. Recently 
we have studied a case of this type over a long 
period, and, after careful and detailed observa- 
tion, we have found that the failure to appreciate 
an image on one side, as tested by Oppenheim’s 
method, is not due to inattention but is the result 
of underlying normal psychologic mechanisms. 
This case and the psychologic principles involved 
are now reported. 


REPORT OF A CASE 


A Marine aged 29 was wounded in the right side 
of the head but was not incapacitated until a missile 
struck him in the left occipitoparietal region, when he 
fell unconscious. When he regained consciousness, he 
found himself in a dugout, unable to speak or move 
the right side of the body. He was evacuated to a 
hospital. On examination global aphasia, right hemi- 
plegia and apparent hemianopsia were noted. One week 
later the hemiplegia had disappeared. A craniotomy was 
then performed, and fragments of bone were removed 
from the left side of the head. The underlying occipito- 
parietal cortex was contused. The patient continued 
to improve. Within a month the hemianopsia began to 
recede, and he became more communicative. However, 
the following significant symptoms lingered during the 
next two months; (o) severe acalculia, (b) spelling 
defect, (c) dysgraphia and (d) inability to perceive an 
object on the right when a concomitant stimulus was 
present in the -left field of vision. Spontaneous speech 
returned. He showed little agrammatism and no 
anomia. There was no finger agnosia or disorientation 
for right and left. His greatest defect was in calcula- 
tion. He had always considered himself good in 
arithmetic, but twelve weeks after the injury he still 
was unable to recite the multiplication tables of 2’s and 
3’s accurately. He made errors in simple tests, such 
as- 8 plus 3 and other sums which equated to less than 
20. The calculation defect was most marked for sub- 
traction. Often he was unable to recognize the correct 
solution to the problem even when it was given to him, 
and he was seldom certain of the answer. ^ 

Visual Disturbances. ~E xq.v since the hemianopsia had 
begun to recede, the patient complained, “If I stare 
long enough, my vision starts to blur on the right side 


6. Kluver, H. : Visual Disturbances After Cerebral 
Lesions, Psychol. Bull. 24:316-358, 1927. 
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1 can’t go to the picture show for tlie same reason. 
When I first start to read, everything is clear, but then 
I must stop because the right side blurs. After a rest 
I can see again. Also, if I look at one object long 
enough and look away, I still can see it.” The last 
phenomenon was present for one month. Examination 
revealed that the patient was unable to see in his right 
homonymous field when an object was exposed simul- 
taneously in the left field of vision. This was true with 
both uniocular and binocular testing. When the peri- 
metric fields became normal (the last defect noted was 
for color in the right inferior quadrant) this phe- 
nomenon became most apparent. While he was fixating 
on a central point, the patient clearlj’’ perceived the 
form and color of an object placed in his right field of 
vision. However, when another object was brought 
into view on his left side, the image on the right 
became extinct. This extinction phenomenon was noted 
on repeated examinations in the right homonymous 
fields of vision. During the extinction of the image 
the patient made a strong effort to “see” the object by 
squinting his eyes and concentrating, but was unsuc- 
cessful. However, as soon as the stimulus in the left 
field was removed, he perceived the exposed object on 
the right. When tested for separately, the object on 
the right appeared clear, but sometimes blurred and 
dull. The object seemed to fluctuate in distinctness. 

In time the remaining aphasic symptoms decreased 
further, although the acalculia was still striking. The 
visual phenomenon began to change. Fourteen weeks 
after the injury it was noted that the image in the 
right field did not always vanish when the left field 
was stimulated. Instead, it became dull, lost its form 
and color and appeared shadowy. There was no 
micropsia or teleopsia. Again, when the stimulus in 
the left field of vision was removed, the object on the 
right became more luminous and regained its color 
and meaning. This was noted irrespective of the degree 
of likeness or unlikeness in luminosity of the objects 
exposed in the opposite fields of vision. There was no 
apparent loss of attention. What there seemed to be 
was a relative reduction of visual acuity or an obscura- 
tion of the visual image (obscuration phenomenon). 
These phenomena were less apparent the nearer the 
object in the right field was exposed to the point of 
fixation. 

Sixteen weeks after the injury the following observa- 
tions were noted: (a) On separate tests of all four 
quadrants, the patient claimed that the image in the 
right superior homonymous field of vision was clearer 
than that in the right inferior homonymous field. (l>) 
The obscuration phenomenon was much more apparent 
in the inferior than in the superior quadrant on the 
right side. Thus, when a pencil was placed in the 
patient’s right inferior field he recognized it, but when 
another pencil was placed in his left niferior field the 
one on the right became blurred, dull and shadowy. The 
same was true when the corresponding superior 
quadrants were tested, but the difference here was much 
less apparent than in the comparable lower quadrants. 
When a long pencil was held vertically in the right 
field of vision, the patient stated he perceived that 
part of the pencil in the upper quadrant more clearly 
than the portion in the lower quadrant. The simul- 
taneous exposure of an object in the same position on 
the left side produced a further decrease of perception 
on the right side, particularly in the lower quadrant. 

Five months after the injurj'T the patient complained 
that “on looking in a mirror the right side of my face 

/ . At tliis time, when the patient returned from a 
fortj' day furlough, he complained that he did not know 


is sort of blurred. My right eyeball is not dear; but 
when I cover my left eye, I can see the right eye 
clearly in the mirror. I can also see the right side of 
my forehead better than the right side of my jaw.” 
These visual disturbances were well demonstrated by 
requiring the patient to fixate with one or both eyes 
in a mirror 30 inches (76 cm.) away under daylight 
illumination. The test object used in the right lower 
field of vision was a red pencil placed vertically on 
the cheek below the outer canthus of the right eye 
(figure). The detailed observations made under these 
conditions are listed in table 1. In summary, it ap- 
peared that the greater the stimulation in the left fields 
of vision, the less the patient saw on the right. There 
was obscuration of form; with sufficient stimulation 



What the patient sees in the mirror (responses under 
conditions 1 to 4 in table 1). The red pencil is 
designated by and the yellow pencil, by Y. The 
patient fixates on one or both eyes and is asked to 
describe the perceived reflected image of pencils held 
on one or on both sides of tlie fixation point. Mirror 
images of R and L represent the right and left sides of 
the patient's body. Note that the more stimulation 
there is in his left field of vision, the more blurred 
does the image (pencil R) in the right field of vision 
appear to him. 

in the left field even motion could not be perceived 
on the right. 

An interesting observation was the variability of tlie 
image perceived in the right field of vision. This 
fluctuation at times was so pronounced that the results 
obtained during special visual tests were confusing. 
However, when these variations in perception were 
timed, a definite periodicity in fluctuation was noted, 
as shown in table 2. 

■‘what the right hand was doing.” Detailed examina- 
tion of the cutaneous sensoiy- status revealed the fol- 
lowing disturbances in his right upper extremity; (1) 
unawareness of the extremity; (2) fluctuating sensory- 
defects; (3) decrease of cutaneous sensory- perception 
on the right side when the left hand was stimulated 
simultaneously (cutaneous sensory extinction phe- 
nomenon) ; (4) reduction of sensory adaptation time 
over the entire right side of the body, and (5) absence 
of after-sensation on the same side. 






bender-furlow-visual extinction in homonymous fields 


Table \ —Data on Visual Fixation Tests 


Condition 

1. Right eye fixated in mirror; 
left eye elosed; red pencil 
placed on right eheek 

2. Right eye fixated in mirror; 
left eye closed; red pencil 
on right cheek and yellow 
pencil placed on the nose 

3. Binocular fixation in mirror; 
red pencil on right cheek 


4. Binocular fixation in mirror; 
red pencil on right cheek; 
yellow peneil on left cheek 


5. Binocular fixation in mirror; 
red pencil on right cheek; 
three yellow i)encils on left 
eheek 


Response 

Red peneil appeared clear, 
hut image fluctuated in dis- 
tinctness (table 2) 

Red pencil appeared blurred, 
hut details were still discern- 
ible; image of red pencil fluc- 
tuated in distinctness and 
color 

Red pencil appeared blurred; 
details were imperceptible; 
distinctness of image waxed 
and waned periodically 

Red pencil appeared very 
blurred, becoming brown and 
and gray; no details; fluctua- 
tion phenomenon apparent, 
image often disappearing 
completely 

Borm of red pencil was barely 
recognized: color was imper- 
ceptible; notable fluctuation 
in acuity; at times image and 
appreciation of movement 
disappeared; images of pen- 
cils On left side clear and 
nonfluctuant 


each eye saw an after-image. However, simultaneous 
or rapidly successive light stimulation of both eyes (an 
illuminated vertical line thrown in one eye and a round 
light in the other) produced a persistent after-image, 
usually in the left eye. Rarely were there after-images 
in both eyes at the same time or only in the right eye. 

Tachistoscopic Examination : This test, performed 
seven months after the injury, showed reduction of 
perception in the right side of the field when the image 
was exposed for less than one second. 

Color Tests: The patient could recognize colors in 
each of the field quadrants. However, the simul- 
taneous exposure of objects in the two half-fields of 
vision caused disappearance of the color on the right 
side (figure). The degree of change depended on the 
intensity of visual stimulus thrown in the normal field. 
The more visual stimulus there was on the left side, the 
less color the patient perceived on the right side. In 
all instances color ultimately changed to gray. Red 
became brown and then dark gray, while yellow 
changed to light gray. On prolonged fixation on a 
black object, such as the center of a black cross, the 
part which was' in the right and lower field of vision 


Table 2. — Fluctuation in Perception of Image from Right Lotver Field of Vision with Patient Fixating an Eye in 

a Mirror Under Conditions Indicated in Columns A to D'^ 


Binocular Test; 
Red Peneil on 
Right Cheek 


B 

Right Uniocuiar Test; 
Red Pencil on 
Right Cheek 

.A 


0 

Bight Uniocular Test; 
Red Pencil on Right 
Cheek and Two Yellow 
Pencils on Left 


Binocular Test with 
Simultaneous Stimula- 
tion; Right Red Pencil, 
Left Two Yellow Pencils 




Time 

Duration 

Time 

Duration 

Time ' 

Duration 

Time 

Durat 

Clear 


4 

3 

5 





Blurred 


22 

8 

8 

3 

4 

7 

9 

Clear 


7 

16 

6 

7 

5 

16 

6 

Blurred 


11 

22 

9 

12 

9 

22 

4 

Clear 


7 

31 

7 

21 

4 

26 

4 

Blurred 

GO 

16 

33 

27 

25 

16 

30 

4 

Clear 


31 

65 

12 

41 

11 

34 

4 

Blurred 


24 

77 

21 

62 

19 

38 

7 

Clear 


34 

98 

11 

71 

4 

45 

13 

Blurred 



109 

8 

75 

7 

68 

11 

Clear 



117 

17 

82 

11 

69 

11 

Blurred 



134 

9 

93 

, 

80 

1 

Clear 



143 

7 



81 

8 

Blurred 



160 

11 



89 

8 

Clear 



101 




97 

9 

Blurred 





. • 


106 



* The conditions indicated in columns A to I) are similar to the conditions of the tests shown in table 1. Here, time and 
duration of clearness or blurring of image are expressed in seconds. 


The patient volunteered the information that the 
image seemed to change faster as the test continued. 
The blurred image seemed to last longer than the clear 
image, but this phenomenon was variable. The image 
was much clearer when it was near the center. 

Special Visual Tests. — Perception of Form and 
Contour : These functions were normal. Localization 
in space, ability to fuse images and stereoscopic vision 
were also intact. When the patient was asked to 
scrutinize at the Schroder staircase illusion,® he could 
see each figure in reversible perspective. As he con- 
tinued to fixate on the staircase with one or both eyes, 
the figure continued to reverse itself at a speed similar 
to the fluctuation rate observed for the right field of 
vision and as recorded in table 2. 

Visual Imagery and Memory: These functions were 
intact, although at times the patient could not recall 
the color of tea and of certain animals. 

After-Imagery : Uniocular after-imagery tests dis- 
closed normal responses. When examined separately. 


8. Woodworth, R. S. : Experimental Psychology, 
New York, Henry Holt & Company, Inc., 1938, p. 696. 


appeared lighter than black and tended to become gray. 
Again, while he was fixating on a white cross, the 
part in the right and lower field became darker than 
white and approached a gray. Thus, all colors tended to 
fade and ultimately to change to gray. At times the 
right horizontal bar of the cross disappeared entirely, 
and the resultant image was not recognized as a cross. 
In this sense the gestalt of the exposed object was 
altered, even though one-half the cross was located 
in the normal field. All the visual phenomena noted 
in the affected fields of vision showed notable fluctuation 
in perception of the form and color of the image. 

Displacement of Image: On his figuring columns of 
numbers, the patient tended to look at the rows to 
his left. Thus, on adding upward, he noted that the 
numbers in the upper part of the lO’s column were 
displaced by the adjacent numbers in the lOO’s column, 
and then by those in the 1,000’s column. On other 
occasions he noted that after he finished writing a 
line the first few words were displaced to the right 
^d down, so that the line of words appeared crooked. 
These displacements appeared to be types of spatial 
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disorientation. There was no ring scotoma or diplopia 
in the homonymous fields, as suggested by Goldstein.® 
Opticomotor Nystagmus : This phenomenon, elicited 
by the patient’s staring at a revolving vertically striped 
drum, was present bilaterally, but the quick component 
was more pronounced to his left.^® 

Ocular Dominance : Alinement and other methods 
showed that the patient was right eyed. 

Muscle Balance: The Maddox rod test showed a 
1 degree of esophoria and 0.5 degree of right hyper- 
phoria for distance; 4 degrees of exophoria and 0.5 
degree right hyperphoria for near point. 

Psychologic Examinations ^ — Three months after his 
injury the following features were noted: 1. Indications 
of an average pretrauraatic intellectual level, inferred 
from average performances in the vocabulary and in- 
formation tests. 2. Defective performances on retention 
tests involving speech as the motor response and 
symbolic material as the content to be retained (digit 
span and Wells-Ruesch object memory test). How- 
ever, the performance was adequate on a retention test 
involving drawing as the motor response and non- 
symbolic material as the content to be retained (Benton 
visual retention test). 3. Adequate abstract reasoning 
ability in a nonlanguage test (Weigl test). 4. Inferior 
performance on a test of visual analysis and synthesis 
(Kohs block designs test). 5. Small number of fairly 
accurate responses, with failure to interpret two plates, 
in the Rorschach performance. Five of the ten 
responses were of the “popular” variety. There were 
no color responses, but one human movement response 
was given. The total pattern was similar to the 
constricted performances described by Harrower- 
Erickson for a patient with cerebral tumor. 

Psychologic reexamination seven months after the 
patient’s injury showed the following features : (o) 
persistence of defective performance on the digit span 
test, moderate improvement in the Wells-Ruesch object 
memory test, which performance, however, was still 
below the average level, and adequate performance on 
an alternative form of the Benton visual retention test ; 
(6) notable improvement in performance of the Kohs 
block designs test the patient now performing on a 
superior level and indicating considerable restoration 
of visual and analytic-synthetic capacity, and (c) no 
essential change in the Rorschach performance, the 
same picture of constriction being shown. 

COMMENT 

Since the injury the patient has shown pro- 
gressive restitution of visual function. The first 
sign of recoverj’- was the recession of the right 
homonymous hemianopsia for motion, color and 
form. This occurred from the center tow’^ard the 

9. Goldstein, K.: Ueber monokulare Doppelbilder. 
Hire Entstehung und Bedeutung fiir die Theorie von 
der Funktion des Nervensystems, Jahrb. f. Psychiat. u. 
Neurol. 51:16-38, 1934; Aftereffects of Brain Injuries 
in War, New York, Grune & Stratton, Inc., 1942. 

10. Strauss, H. : Ueber die hirnlokalisatorische 
Bedeutung des einseitigen Ausfalls des optikinetischen 
Nystagmus und der hemianopischen Aufmerksam- 
keitsschwiiche, Ztschr. f. d. ges. Neurol, u. Psvehiat. 
143:427-435, 1933. 

11. Performed by Lieutenant Commander A. L. 
Benton, H(V)S, U.S.N.R. 

11a. Harrower-Erickson, M. R. : Personalitv Changes 
.•\ccompanying Cerebral Lesions (Rorschach Studies of 
Patients with Cerebral Tumor), Arch. Neurol & 
Psychiat. 43:839-890 (March) 1940. 


periphery, and the rate of recovery has been 
slightly more rapid in the upper quadrants. As 
these retrograde changes took place other visual 
disturbances, which are not recognized with 
ordinary tests, became apparent. The patient 
sensed the disturbances while reading or looking 
at motion pictures, and it was these complaints 
which prompted us to investigate the visual func- 
tions in great detail. Although routine perimetric 
examination seemed to indicate preservation of 
vision in each field, the simultaneous exposure 
of objects on the two sides of a fixation point 
caused the image perceived from the right field 
to become extinct. Later the extinction phenome- 
non was replaced by obscuration and still later, 
by blurring or dulling of the image. These phe- 
nomena have been more apparent in the right 
homonymous inferior quadrants. The image in 
the right field of vision appeared to fluctuate in 
clearness of form and intensity of color. 

The phenomena of visual extinction, obscura- 
tion and dulling seem to be unusual, since they 
have rarely been observed or reported. This may 
be due to the fact that few examiners search for 
these defects, and, as previously noted, the 
usual neurologic tests will not disclose them. 
Poppelreuter ^ and others noted one of these 
phenomena, namely, that of extinction, and ex- 
plained it on the basis of disturbance in visual 
attention. The act of perceiving simultaneously 
exposed objects in zones equidistant from a fixa- 
tion point requires the normal person to concen- 
trate on three different foci, and his attention 
must necessarily be divided. Under pathologic 
conditions a disturbance in the attention mechan- 
ism in homonymous fields of vision may occur. 
Thus, Poppelreuter ^ found that only one of two 
figures concomitantly exposed on each side of 
a fixation point could be seen by the patient. 
However, when the “active attention” of the pa- 
tient was directed toward the affected field, the 
patient could see both figures simultaneously. 
Poppelreuter ^ did not state whether or not the 
latter observation was a consistent one in his 
cases. In our case the image in the affected 
fielcf-fluctuated. There were alternate extinction 
and blurring during the “double exposure” test- 
ing. At times it seemed as though the patient 
could see the object if he “concentrated,” but this 
appeared to be due to a “fluctuation” mechanism 
which is normally present,® and not to an in- 
crease or a decrease in attention. 

It is probable that weakness of attention is one 
factor in the elicitation of the extinction phe- 
nomenon. Newhall,^- in controlled experiments, 

12. Newhall, S. M. : Effects of Attention on the 
Intensity of Cutaneous Presence and on Visual Bright- 
ness, Arch. Psychol, (no. 61) 9:1-75, 1923. 
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found that the closer the attention the better 
discrimination there is between faint stimuli and 
no visual stimulus. Still, it does not appear 
that the attention mechanism alone would account 
for the visual extinction, obscuration or color- 
dulling phenomena. Goldstein also expressed 
the opinion that these phenomena are not due to 
lack of attention. He proposed the theory that 
the cause of these different reactions may be due 
to “lability of threshold” in a damaged cortex, 
which needs more energy than the normal. The 
nerve energy in the organism is a constant, and 
the normal cortex, he stated, tends to use the 
available energy to such an extent that the 
remaining energy is not sufficient to stimulate 
the diseased cortex to effect a performance. 
Granted the correctness of this theory, one must, 
however, take into consideration the rivalry and 
dominance mechanisms in explaining the extinc- 
tion and associated phenomena. Rivalry and 
dominance are normal psychologic processes and 
can be detected only with special tests. Sherring- 
ton^^ demonstrated the existence of rivalry be- 
tween the images perceived by the two eyes, or 
half-retinas. Breese^® and others showed that 
stimuli arising from the two fields of vision are 
in constant competition with each other. Light 
intensity, presence of figures or movements of 
the object exposed influence the subject’s ability 
to visualize the images in the two fields equally : 
(a) The brighter the exposed field, the more 
visible it is 60 per cent of the time; (b) a field 
containing lines prevails over a plain field as 
much as 70 per cent of the time, and (c) when 
both fields contain figures and the one figure in 
one field is made to move, it remains in sight 
more than half the time. 

Rivalry, dominance and attention mechanisms 
are normal psychologic processes which operate 
at all times and are a function of the cortex. The 
visuosensory cortices are in competition with 
each other and are in equilibrium when at rest. 
If one cortex is diseased, as it was in our patient, 
the visual stimuli coming to that side are not as 
well integrated as those coming to the normal 
side. The affected cortex does not possess the 
nerve energy as does the normal cortex, or the 
capacity to use it when the incoming stimuli are 
increased. Consequently, there must be a differ- 
ence in perception, and this difference is made 

13. Goldstein, K, in discussion on Phenomenon Visual 
Extinction in Homonymous Fields, Tr. Am. Neurol. A., 
1944, to be published; personal communications to the 
authors. 

14. Sherrington, C. : On Binocular Flicker and the 
Correlation of Activity of Corresponding Retinal Points, 
Brit. J. Psychol. 1:26, 1904. 

15. Breese, B. B. : Binocular Rivalrv% Psychol. Rev. 
16:410-415, 1909. 


more conspicuous by the rivalry and dominance 
mechanism. Hence, when there are no new or 
strong stimuli in the normal field of vision, there 
is no appreciable decrease in perception of an 
object held in the pathologic field. The available 
“energy” is sufficient for the diseased cortex to 
function, and there is little competition between 
the two sides. However, if stimuli are thrown into 
the intact field, the rivalry mechanism becomes 
apparent. The function of the defective cortex is 
dominated by the normal part of the brain, and 
there results a relative decrease in acuity and 
light intensity in the affected field of vision, 
leading to the phenomena of dulling and ob- 
scuration. The rivalry and consequent dominance 
of the normal over the pathologic side may be 
so pronounced as to cause complete extinction 
of the form, color and movement of the image 
perceived from the affected field. It has been 
found that the more the normal half is stimulated, 
the less the affected half perceives. 

Such competition may under certain conditions 
interfere with the patient’s proper visual percep- 
tion. It is known that the perceptual conscious- 
ness of an object is the effect of integrated stimuli 
in which the total stimulus pattern is related to 
the total reaction pattern through a unified neural 
mechanism. If the rivalry between sensations 
arising from the opposite lateral fields of vision 
becomes pronounced, as in reading or looking at 
motion pictures, the images coming from the 
affected fields of vision blur, and the patient’s 
total visual perception becomes impaired. Simi- 
lar competitive mechanisms have been noted be- 
tween the cutaneous sensations on the two sides 
of the body in the patient described in this report, 
in patients with lesions of the, parietal cortex 
(personal observations) and between certain re- 
flexes, as demonstrated by Sherrington,^® 


SUMMARY 

In a patient with a gunshot wound of the left 
occipitoparietal cortex, various psychologic mech- 
anisms became apparent during the advanced 
stages of restitution of visual function from right 
homonymous hemianopsia. Visual stimuli origi- 
nating in the normal homonymous field of vision 
tended to suppress or obscure the image originat- 
ing simultaneously in the opposite, affected, field 
of vision. The more stimulation there was in the 
normal field, the less the patient saw in the 
pathologic field of vision. The affected field 
showed fluctuation of sensation. Rivalry, domi- 
nance and attention mechanisms are considered 
as explanatory principles. 


16. Sherrington, C.: Intergrative Action of the 
Pre7s°”l906^'^"™’ University 



MENTAL SYMPTOMS FOLLOWING HEAD INJURY 

A STATISTICAL ANALYSIS OF TWO HUNDRED CASES 
ALEXANDRA ADLER, M.D. 

BOSTON 


PRESENT INVESTIGATION 
METHOD 

From a total of '430 patients with head in- 
juries admitted to the Boston City Hospital 
between July 1942 and September 1944 a series 
of 200 was selected for study. Two hundred and 
thirty patients were eliminated because no ade- 
quate follow-up observations could be obtained, 
because the patients were under 15 or over 55 
years of age or because they were vagrants or 
chronic alcohol addicts. The patients had all 
sustained recent injuries ; they were seen on ad- 
mission to the hospital, were closely followed 
during their stay in the hospital and were ob- 
served at intervals of two to three months there- 
after. The present report deals with their post- 
traumatic mental symptoms and the relation of 
these symptoms to the other fields of investi- 
gation. 

The group of examiners consisted of neurol- 
ogists, psychiatrists, a psychometrist, an elec- 
troencephalographer and a social worker. 


MATERIAL 


Age, Sex and National Stock . — The age distribution 
of the 200 patients was as follows: 


Age, Years 
15-19 
20-29 
30-39 
40-49 
SO-SS 


No. of Patients 
36 
48 
42 
51 
23 


There were 125 males and 75 females, and the fol- 
lowing national stocks were represented : 


Irish 77 

English 29 

Latin 21 

Negro 13 

Slavic 12 

Semitic 12 

German or Scandinavian 10 

Other racial stocks 26 


From the Neurological Unit of the Boston City 
Hospital, and the Department of Neurology, Harvard 
Medical School. 

The work described in this paper was done under 
a contract, recommended by the Committee on Medical 
Research, between the Office of Scientific Research 
and Development and the President and Fellows of 
Harvard College. 


Occupation . — Skilled or semiskilled 


workers 

96 

Domestics or housewives 

39 

Students 

20 

Policemen, firemen, etc. 

13 

Common laborers 

11 

Other workers 

21 

Alcoholism . — For 143 patients there was no evidence 

of alcohol on admission; S3 had 

ingested alcohol but 

were not intoxicated, and 4 were 

intoxicated. 

Manner of Injury . — The accidents could be classified 
as follows : 

Traffic accidents 

91 

Industrial accidents 

24 

Fighting or robbery 

24 

Falls on street 

16 

Domestic accidents 

15 

Recreational accidents 

12 

Other types 

18 


Coma and Disorientation . — Twenty patients 
had no period of coma; 90 patients were coma- 
tose or semicomatose for less than ten minutes ; 
42 patients, for less than thirty minutes ; 20 pa- 
tients, for thirty to sixty minutes ; 17 patients, for 
up to six hours; 5 patients, for six to twent}'^- 
four hours, and 4 patients over twenty-four 
hours. For 2 patients the duration of coma was 
uncertain but brief. One hundred seventy-three 
patients were disoriented for less than twelve 
hours ; 4 patients, for twelve to twenty-four 
hours; 12 patients from one to seven days, and 
11 patients, over seven days. 

In accordance with general usage, the period 
of coma was judged by the absence of response 
to stimulation. The period of disorientation was 
usually recorded by disorientation in time. The 
duration of post-traumatic amnesia and retro- 
grade amnesia was recorded on the patient’s fol- 
low-up visit to the clinic when the amnesia had 
reached its stable minimum. The presence or 
absence of complicating factors, such as litigation 
or occupational and financial difficulties, was re- 
corded without reference to their possible bearing 
on the development of post-traumatic mental 
complications. 

Type of Injury. — Seventy-five patients had 
minor abrasions or hematoma of the scalp; 75 
patients, laceration of the scalp and 6 patients, 
laceration with compound fracture. Thirty-five 
34 
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patients had injuries to the limbs, and 24 patients 
had other or multiple injuries, in addition to the 
head injury. Evidence of fracture of the skull 
was present in 34 patients. Nine had cranial 
operations other than scalp suture, and 13 had 
operations of other types. One patient had both 
cranial and other operations. 

The type of head injury represented by this 
material is therefore representative of those en- 
countered among patients admitted to any gen- 
eral hospital and may be categorized predomi- 
nantly as “closed head injury.” 

Length of Follow-Up Observation. — One pa- 
tient was observed one month; 1 patient, two 
months; 48 patients, four to six months; 107 
patients, six to nine months ; 18 patients, nine to 
twelve months, and 25 patients over one year. 

STATISTICAL EVALUATION OF MATERIAL 

In evaluation of post-traumatic mental symp- 
toms the mental condition immediately following 
an injury must be distinguished from that during 
the later part of the course. Any person might 
be impressed by a violent injury which may have 
brought him to the verge of death and may have 
resulted in injury and death to others and in loss 
of property to a varying degree. Such an emo- 
tional reaction might be expected normally to be 
at its height immediately after the injury, after 
which it would steadily subside. Outwardly, 
however, 133 of the 200 patients (67 per cent) 
gave an impression of calmness and cooperative- 
ness; 20 were apathetic; 7 were excited; 16 had 
a severe emotional reaction, and 24 were con- 
fused. 

Post-traumatic mental symptoms may be re- 
lated to structural lesions or may be psychogenic. 
Some psychologic phenomena are known to be 
caused by structural lesions. For instance, this 
is the case with patients suffering from dysphasia 
or confabulations. The purpose of this study 
was to evaluate mental symptoms according to 
their correlation with all the other physical and 
mental factors of the head injury. The analysis 
is therefore of the patient’s symptoms (com- 
plaints) in order that all possible objectivity may 
be maintained. Early in our experience my col- 
leagues and I found that these complaints tended 
to fall into a limited number of categories, symp- 
toms of anxiety, nervousness and fatigue emerg- 
ing as leading factors, especially in the produc- 
tion of disability. The incidence of these mental 
symptoms during convalescence is given in table 
1. It will be noted that by far the largest group 
of patients (48 of 70) fell into the category of 
those showing anxiety and fears, symptoms 
which were present more than twice as often as 
all the others combined. 


It would be a misunderstanding to conclude 
from table 1 that the symptoms of fatigue and 
nervousness were present in only 7 and 4 pa- 
tients respectively. Fatigue and nervousness 
were present, in addition to fears and anxiety, in 
practically every patient who presented the latter 
symptoms. Patients whose “predominant mental 
symptom” was fatigue or nervousness were per- 
sons in whom no anxiety reactions were present. 
On the other hand, the symptoms of the acute 
post-traumatic anxiety neuroses included syn- 
dromes such as acoustic hypersensitivity, peri- 
odic irritability, fatigue, disturbances in sleep 
and anxiety dreams, anxiety being the primary 
and predominant feature of these secondary 
character changes. There was no case of hys- 
teria among our patients. 

The symptoms of headache and dizziness are 
not taken into account in our psychiatric diag- 
noses. 

Table 1. — Predominating Post-Traumatic Mental 
Symptoms 

Ko. of Patients 


None 130 

Fatigue 7 

Nervousness; inability to concentrate.... i 

Fears; anxieties; panics 48 

Depression; apathy 1 

Hypochondriasis 2 

Obsessive-compulsive neurosis 1 

Hysteria 0 

Personality change only G 

Hypomania; euphoria 1 


Total 200 


PRETBAUMATIC PACTORS ASSOCIATED WITH HIGH AND 
LOW INCIDENCES OF POST-TRAUMATIC MENTAL SYMPTOMS 
(tables 2 AND 3) 

Age. — Of the patients of the oldest group (50 
to 55 years), 51 per cent manifested mental 
symptoms, as compared with an average of 31 
per cent of all patients and of only 15 per cent 
of the youngest group (15 to 19 years). No 
notable difference in occurrence of post-trau- 
matic mental symptoms could be found in the in- 
tervening age groups. 

Marital Status and Sex. — More women had 
mental complications than men, with a negligible 
difference between the incidence for married 
women and that for single women. However, 
fewer_ single than married men had mental com- 
plications. 

Anxiety symptoms were present four times 
as often as all other mental symptoms combined 
in men, whereas in women anxiety symptoms 
were less than three times as frequent as fatigue 
and nervousness combined. 

^ National Stock. — In 50 per cent of the pa- 
tients of Latin and Slavic stock mental com- 
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plications developed, whereas only 17 and 21 
per cent of the African and Irish patients respec- 
tiA’^ely presented psychologic difficulties. There 
was a fairly even distribution among the other 
racial stocks, some of which, however, presented 
numbers too small for statistical evaluation. 

Type of Accident. — By far the highest inci- 
dence of mental complications was found among 

Table 2. — Miscellaneous Pretraumatic Factor Associ- 
ated with Loiu Incidence of Post-Traumatic 
Mental Symptoms 


Post- No Post- 
traumatic traumatic Person- 



No. of 

Mental 

Symp- 

toms, 

Mental 

Symp- 

toms, 

ality 

Change 

Only, 

Pntients 

% 

% 

% 

.All patients 

200 

31.5 

C5.0 

0.5 

-Age, yr. 

15-19 

36 

15 

85 


Se.y and marital status 
Male; single 

45 

14 

86 


National stock 

-African 

13 

17 

83 


Irish 

77 

21 

79 


-Alcoholism on admission 

Intoxicated, or previous 

alcoholic ingestion 

57 

12 

88 


Type of accident 

Recreational 

12 

8 

92 


Domestic 

15 

13 

87 



Table 3. — Miscellaneous Pretraumatic Factors Associ- 
ated with High Incidence of Post-Traumatic 
Mental Symptoms 



No. of 

Post- No Post- 
traumatic traumatic Person- 

Mental Mental ality 

Symp- Symp- Change 

toms. toms, Only, 

Patients 

% 

% 

% 

All patients 

200 

31.5 

05.0 

3.5 

-Age, yr. 

50-55 

23 

51 

49 


Sex and marital status 
Female; single and 
■widowed 

40 

45 

55 


National stock 

Slavic and Latin 

38 

50 

50 


Occupation 

Policemen and firemen... 

13 

58 

42 


Alcoholism on admission 

No evidence of ingestion 
of alcohol 

143 

39 

61 


Type of accident 

Industrial 

24 

55 

45 


Manner of injury 

Struck by vehicle 

45 

50 

50 


Pretraumatic psychiatric 
evaluation 

Preexisting anxiety; 
hypochondriasis; de- 
pression 

21 

57 

43 



the patients who had suffered industrial acci- 
dents. Only 1 of the patients who had sustained 
their head injuries during recreational activities 
and only 2 of the patients who had suffered in- 
juries during domestic activities presented men- 
tal symptoms. 

Occupation. — The highest incidence of post- 
traumatic mental symptoms was observed 


among policemen and firemen. Next to the fre- 
quency for this group was the ineidence for the 
common laborers. The large group of patients 
classified as skilled and semiskilled workers 
presented an average incidence of mental com- 
plications. 

Alcoholism on Admission. — In only a few pa- 
tients with a history of ingestion of alcohol pre- 
vious to injury did post-traumatic mental dif- 
ficulties develop. 

Psychiatric Family History. — The incidence 
of post-traumatic mental complications was 
highest among the patients with psychotic family 
members. On the other hand, it was low among 
the patients who had alcohol addicts and other 
t 3 fpes of psychopaths in their families. How- 
ever, the numbers are too small to be of statisti- 
cal significance. 

Pretraumatic Psychiatric Evaluation. — The 
highest incidence of mental sjmiptoms prevailed 
among patients with preexisting symptoms of 
anxiety, hypochondriasis and depressive neu- 
roses. Next to this group came patients with 
preexisting general nervousness, in half of whom 
mental complications developed. Not all types 
of patients with preexisting neuroses reacted in 
this way, however. For instance, of the 5 pa- 
tients with previous hysterial episodes, only 1 
manifested psychiatric difficulties. 

POST-TRAUMATIC FACTORS (TABLES 4 AND 5) 

The difference between the incidence of post- 
traumatic mental symptoms for patients who 
sustained injuries in addition to those of the 
head and the incidence for patients who had 
head injuries only was negligible. The largest 
percentage of post-traumatic mental symptoms 
was found, however, among patients with ad- 
ditional injuries to their legs, whereas injuries 
to the face, chest, abdomen and arms each car- 
ried a comparatively low incidence. 

Duration of Stay in Hospital. — Fewer .pa- 
tients who remained in the hospital for from four 
to seven days presented mental symptoms than 
did the patients who remained in the hospital for 
longer than fourteen days. The incidence of 
mental symptoms in patients who stayed less 
than four days was within the average range. 

Post-Traumatic Headache and Dizziness . — 
The incidence of post-traumatic mental symp- 
toms was high in patients who suffered from 
post-traumatic headache or dizziness. The inci- 
dence was highest for patients whose headache 
and/or dizziness lasted more than two months, 
whereas there was an average incidence of men- 
tal complications among patients for whom tlie 
duration of headache and/or dizziness was less 
than two months. 
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Associated Symptoms Immediately Following 
Injury. — Many patients who had both headaches 
and dizziness immediately after injury presented 
psychiatric complications, while patients who 
had none of these symptoms while in the hospital 
had a low incidence of mental symptoms. 


Table 4. — Miscellaneous Post-Traumatic Factors 

Associated with Low Incidence of Post-Traumatic 
Mental Symptoms 


No. of 
Patients 

Post- No Post- 
traumatic traumatic Person- 
Mental Mental ality 

Symp- Symp- Change 

toms, toms. Only, 

% % % 

All patients 

200 

31.5 

65.0 

3.5 

Iluration of coma 

No coma or dazed state. 

20 

15 

So 


Duration to recovery of 
complete orientation 

No measurable disorien- 
tation 

18 

16 

84 


Post-traumatic amnesia 

No post- traumatic am- 
nesia 

17 

12 

88 


Associated symptoms im- 
mediately following injury 
None 

63 

19 

81 


Signs of injury 

Minor abrasions of face 
or scalp 

31 

19 

81 


Injuries other than those 
involving head 

Injury to face, chest, ab- 
domen or back 

Injury to arm 

35 

24 

20 

21 

80 

79 


Duration of stay in hos- 
pital 

4-7 days 

33 

21 

79 


Post-traumatic headache 

No headache 

Headache localized to 
side other than injury.. 

119 

15 

13 

20 

87 

80 


Post-traumatic dizziness 

No dizziness 

127 

15 

85 


Post-traumatic dreams 

No dreams 

75 

6 

95 


Measured post-traumatic 
intelligence 

Above normal intelli- 
gence 

21 

24 

76 


Complicating factors, re- 
gardless of influence on 
post-traumatic course 

No complicating factors 

72 

6 

94 



BESULTS OF POST-TRAUMATIC LABORATORY AND 
^ PHYSICAL EXAMINATIONS 

Cerebrospinal Fluid. — Of the 7 patients with 
personality changes, 6 had a bloody spinal fluid, 
with a pressure above 200 mm. On the other 
hand, no correlation was found between the 
pressure and the content of blood of the spinal 
fluid and the development of the remaining 
psychogenic mental symptoms. 

Blood Pressure During Later Part of Hos- 
pitalization or on Follow-Up Observation. — No 
correlation between the blood pressure and the 
incidence of post-traumatic mental symptoms was 
apparent. 

Electroencephalo graphic Changes. — No cor- 
relation existed between the character or the 
severity of the electroencephalographic abnor- 


mality and the incidence or duration of post- 
traumatic mental symptoms. 

Roentgeno graphic Changes. — Only 13 patients 
in the series gave roentgenographic evidence of 
fracture of the skull, and among these persons 
the incidence of post-traumatic mental symptoms 
was only slightly above the average. 

Duration of Coma, Disorientation and Amnesia 
Follozoing Head. Injury. — Coma, disorientation 
and post-traumatic amnesia are all evidences of 
the initial disturbance of consciousness, and 
hence the immediate traumatic disorder of cere- 
bral function. Whereas the frequency of mental 
s 3 miptoms did not vary to any considerable extent 
with the duration of coma, there was a low inci- 
dence of psychiatric complications among pa- 
tients in whom no complete loss of consciousness 


Table 5. — Miscellaneous Post-Traumatic Factors 

Associated with High Incidence of Post-Trau- 
matic Mental Symptoms 



No. of 

Post- No Post- 
traumatic traumatic Person- 

Mental Mental ality 

Symp- Symp- Change 

toms, toms. Only, 

Patients 

% 

% 

% 

All patients 

200 

31.5 

65.0 

8.5 

Duration of coma 

More than 30 minutes.... 

42 

39 

61 


Duration to recovery of 
complete orientation 

More than 12 hours 

27 

41 

59 


Post-traumatic amnesia 
More than 2 days 

22 

41 

59 


Associated symptoms im- 
mediately followinginjury 
Headache and dizziness.. 

76 

48 

52 


Signs of injury 

Laceration of scalp 

75 

42 

58 


Injuries other than those 
involving head 

Injury to lower limbs.... 

17 

48 

62 


Immediate post-traumatic 
mental state 

Normal but severe emo- 
tional reaction 

16 

59 

41 


Duration of stay in hos- 
pital 

More than 14 days 

30 

47 

53 


Post-traumatie headache 
Any type 

81 

64 

36 


Duration of headache 

More than 2 months 

63 

75 

25 


Post-traumatic dizziness 
Any type 

68 

67 

33 


Duration of dizziness 

More than 2 months 

46 

78 

22 


Dreams 

Post-traumatic anxiety 
dreams 

29 

100 

0 


Complicating factors, re- 
gardless of Influence on 
post-traumatic course 
More than one factor.... 
Occupational difficulties. 

14 

11 

93 

73 

7 

27 


Pending litigation 

34 

59 

41 



had occurred. It was also noted that patients 
without measurable disorientation had a low inci- 
dence of mental symptoms. Variations in dur- 
ation of disorientation, when present, had no 
significant influence on the frequency of mental 
symptoms. Likewise, only a small percentage of 
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patients who had no post-tranmatic amnesia 
presented mental complications, and there was 
no significant correlation between duration of 
post-traumatic amnesia, when present, and inci- 
dence of psychiatric symptoms. 

Duration of Ret7'ograde Amnesia . — ^Except for 
S patients, the retrograde amnesia was either of 
very short duration, not beyond a few minutes, 
or not present. Of the 8 patients, 4 had been 
intoxicated at the time of injury, and the remain- 
ing 4 patients suffered serious injuries, as ex- 
pressed by fractures of the skull and long-lasting 
post-traumatic amnesia. It is interesting that in 
only 1 of the 8 patients with a retrograde amnesia 
of more than one hour did psychogenic symp- 
toms develop. This patient was an alcoholic 
psychopath with a great many pretraumatic 
symptoms of anxiety whose preexisting psychi- 
atric condition was slightly worse for three 
months after injur}^ 

Time of Onset of Mental Symptoms as Com- 
pared with Time of Onset of Headache and 
Dissincss . — ^The onset of post-traumatic mental 
symptoms as compared with that of headache was 
later on an average. Of the 59 patients whose 
mental symptoms lasted longer than two months, 
the majority had an onset of mental complications 
during the first to the eighth week after leaving 
the hospital. On the other hand, of the 62 pa- 
tients %vith post-traumatic headaches lasting 
more than six months, the great majority (41 pa- 
tients, or 82 per cent) had headaches during 
hospitalization. Likewise, in the majority of 
patients (35, or 76 per cent) ivith post-traumatic 
dizziness of more than two months’ duration the 
onset was during hospitalization. 

Influence of Envirojwiental CompHcatioiis 07i 
Post-T7'au7}iatic Psychiatric Difllcnlties . — The 
presence or absence of environmental factors in 
convalescence was recorded regardless of their 
significance in the opinion of the psychiatrist. 
Problems in relation to litigation and compensa- 
tion and occupation had a significant correlation 
with the development of post-traumatic mental 
symptoms, whereas social or sexual difficulties, 
as well as coexisting physical disease, influenced 
the psychiatric condition more seldom. In table 
6 the data on these factors are presented in 
detail. 

Closer investigation showed the influence of 
such complicating factors on all but 4 of the 63 
patients with post-traumatic mental complica- 
tions. It is interesting, however, to note that in 
only about one half to one third of all patients 
for whom complicating factors were noted did 
such a factor become associated with post-trau- 
matic psychiatric difficulties. For instance, where- 


as litigation alone formed a complicating factor in 
the cases of 34 patients, it was correlated with 
mental difficulties in only 20 patients. With 
each patient it was not the complicating factor in 
itself, but the manner in which the patient reacted 
to the complication, before as well as after the 
injury, that was essential for the development or 
absence of post-traumatic mental complications. 

Table 6. — CompIicati7ig Factors Appearing in the 
Post-T raumatic Psychiatric Course 


Post- Ko Post- 
traumatic traumatic 




Mental 

Mental 



Symp- 

Symp- 


No. of 

toms. 

toms. 


Patients 

% 

% 

None 

72 

6 

91 

Litigation, compensation 

34 

69 

41 

Diseases other than mental 

28 

32 

68 

Domestie and family troubles... 
More than one. Including litiga- 

18 

33 

67 

tion 

14 

93 

7 

Occupational diiBculties 

11 

73 

27 

Other financial problems 

8 

13 

87 


* Personality changes only were not included among the 
post-traumatic mental disorders. 

COMMENT 

Age . — The preponderance of mental compli- 
cations in the older age groups is probably re- 
lated to more frequent problems of occupational 
and financial adjustment. 

Marital Status atid Sex . — Occupational and 
financial problems, which are more pressing in 
the married state, probably favored the high inci- 
dence of mental difficulties among married males. 

Type of Accide7it . — Evidently the compensa- 
tion problem which is connected with industrial 
accidents, accidents which are followed most fre- 
quently by mental symptoms, is a strong con- 
tributing factor in the development of mental 
difficulties. 

Occ7ipatio7i . — The high incidence of mental 
complications among policemen and firemen can 
probably be attributed to their attitude toward 
the hazards of their occupation, as occupational 
factors had no influence on the students, only a 
few of whom showed mental symptoms. 

Effect of Alcoholic l7itoxicatio7i 07i Admis- 
sio7i. — ^The low incidence of post-traumatic men- 
tal symptoms in patients with a history of in- 
gestion of alcohol previous to injury can be 
compared with the results of the investigation of 
the incidence of post-traumatic neuroses in vic- 
tims of the Cocoanut Grove disaster.^ Of the 
victims who had a long-lasting amnesia which 
blotted out parts or all of the terrifying events, 
only 19 per cent had a post-traumatic neurosis, 

1. Adler, A. : Neurops 3 'chiatric Complications in Vic- 
tims of Boston’s Cocoanut Grove Disaster, J. A. M. A. 
123:1098-1101 (Dec. 25) 1943. 
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whereas the incidence was 75 per cent for pa- 
tients who had amnesia for less than five minutes 
or no amnesia. It can be assumed that the 
psychologic impression of the injury'’ is less 
vigorous if the patient is under the influence of 
alcohol. In deeply intoxicated patients there is 
of course no memory of the injury at all. Ac- 
tually, about one half of all persons with head 
injuries who had retrograde amnesias of longer 
than five minutes had been intoxicated at the 
time of injury. 

Duration of Stay in Hospital — Evidently pro- 
longed stay in the hospital decreases the patient’s 
chances to adjust probably because his thoughts 
become increasingly centered around his injury, 
which impresses him as more serious when his 
stay in the hospital is prolonged. On the other 
hand, an initial protective environment provided 
by a few days^ hospitalization and reassurance 
from the physicians seems preferable to the 
regimen of having the patient leave the hospital 
within the first few days, so tliat he is thrown 
on his own resources in his readjustment. 

Duration of Coma, Disorientation and Am- 
nesia . — The low incidence of post-traumatic men- 
tal symptoms in patients who had no coma or 
disorientation might be explained by assuming 
that these patients felt that nothing serious had 
happened to them, an attitude which is helpful 
for future readjustment. 

DESCRIPTION OF POST-TRAUMATIC PSYCHIATRIC 
SYNDROMES 

The patients with mental symptoms could be 
divided into two groups: patients who had not 
shown psychiatric abnormalities previous to in- 


Table 7 . — Relation of Pretranmatic to Post-Traumatic 
Mental Symptoms* 





No. with 



Total 

Post-Traumatic 



No. 

Mental Symptoms 

Patients with no abnormality in 

the 



pietranmatic personality 

Normal pretranmatic personality, 

bnt 

89 

26 (29%) 

minor variants 

' . . • • 

31 

9 (29%) 

Patients with abnormal pretranmatic 



personality 

— 

71 

26 (37%) 


* In 9 patients the pretranmatic personality could not be 
evaluated because data were insufScient. 


jury and patients whose pretranmatic psychiatric 
condition had grown worse through accentuation 
of previously existing symptoms or through the 
addition of new mental symptoms to those already 
present. 

Table 7 reveals that only slightly fewer pa- 
tients of previously normal personality (29 per 
cent) presented post-traumatic’ symptoms than 
did patients with pretranmatic psychiatric dif- 
ficulties (37 per cent). 


Of the 26 patients with normal pretranmatic 
personalities who had mental complications, 
symptoms of anxiety were present in 23, an 
incidence eight times that of all the other symp- 
toms combined. On the other hand, in patients 
with previous psychiatric difficulties anxiety de- 
veloped only two and a'half times as often as all 
the other symptoms combined. It can therefore 
be stated that, particularly in previously normal 
patients, the type of psychiatric difficulty was 
predominantly the anxiety neurosis. The psy- 
chiatric syndrome in patients with pretranmatic 
mental difficulties varied to some extent through 
modification of previous liabilities. 

POST-TRAUMATIC ANXIETY STATES 

McCurdy^ gave a thorough description of a 
type of acute post-traumatic anxiety neurosis 
which he named ‘'anxiety state,” a designation 
applied to this condition ever since. Roussy and 
Lhermitte ^ and Kardiner ^ described this condi- 
tion among the neuroses of World War I. Litera- 
ture concerning this subject gathered from ob- 
servations made in the present war is growing 
rapidly (Blain,^ Brosin,® Garmany,^ Hender- 
son and Moore,® Kubie,° Raines and Kolb,^° 
Sagebill and Bird,^’- Symonds,^® and Torrie.^®) 
There is a striking uniformity of symptoms in 

2. McCurdy, J. T. : War Neuroses, London, Cam- 
bridge University Press, 1918. 

3. Roussy, G., and Lhermitte, J. : The Psycho- 
neuroses of War, translated by W. B. Christopherson, 
London, University Press, 1918; Paris, Masson & Cie, 
1918. 

4. Kardiner, A.: The Traumatic Neuroses of War. 
Psychosomatic Medicine, Monograph II-III, New York, 
Paul B. Hoeber, Inc., 1941. 

5. Blain, D. : Personal and Morale Factors in the 
Etiology and Prevention of Traumatic War' Neurosis 
in Merchant Seaman, Am. J. Psychiat. 100:131-135 
(July) 1943. 

6. Brosin, H. W. : Panic States and Their Treat- 
ment, Am. J. Psychiat. 100:54-61 (July) 1943. 

7. Garmany, G. : Reactive Anxiety and Its Treat- 
ment, Lancet 1:7-9 (Jan. 1) 1944. 

8. Henderson, J. L., and Moore, M. : The Psycho- 
neuroses of War, New England J. Med. 230:275-278 
(March 9) 1944. 

9. Kubie, L, S. ; Manual of Emergency Treatment 
for Acute War Neuroses, War Med. 4:582-598 (Dec.) 
1943. 

10. Raines, G. N., and Kolb, L. C. : Combat Fatigue 
and War Neurosis, U. S. Nav. M. Bull. 41:1299-1309 
(Sept.) 1943. 

11. Sagebill, J. L., and Bird, L. C.; A Study of 
Psychiatric Casualties Received at the U. S. Naval 
Base Hospital — ^from the Solomon Islands Battle Area, 
U. S. Nav. M. Bull. 41:1927-1937 (Nov.) 1943. 

12. Symonds, C. P.: Anxiety Neuroses in Combat- 
ants, Lancet 2:785-789 (Dec. 25) 1943. 

13. Tdrrie, A.; Psychosomatic Casualties, Lancet 
1:139-143 (Jan. 29) 1944. 
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patients suffering from this condition. In the 
following discussion some features observed in 
our patients with head injuries are emphasized. 

It was usual to find that patients were con- 
scious that their fears and panics were related 
to the accident as such. For instance, persons 
who had suffered traffic accidents felt unable to 
cross a street or began to shake and had to cling 
to some one to lead them over. People who had 
been drivers of cars when the accident occurred 
were unable to drive again, and some had states 
of panic, with trembling and perspiring on the 
mere thought of doing so again. Firemen who 
had sustained their accidents during work trem- 
bled at the mere thought of going back to work, 
climbing ladders and fighting fires again. The 
sound of passing fire sirens threw them into panic 
states. Anxiety regarding the condition of the 
head was expressed by less than half these pa- 
tients. Such persons expressed fear that they 
might become insane or paralyzed, that pressure 
on the brain might develop, that something in the 
head might be irreparably broken or that the 
memory might be permanently impaired. Reas- 
surance from the physician alleviated, but did not 
cure, their anxiety state. 

POST-TRAUMATIC NIGHTMARES 

The anxiety state was further characterized by 
the occurrence of nightmares. Of 70 patients 
with mental symptoms, 39 suffered from post- 
traumatic anxiety dreams, 11 of these having 
had nightmares previous to injury also. Of the 
remaining 31 patients with mental symptoms, 18 
had no dreams, and no information concerning 
dreams was obtained from the other 13. Of the 
18 patients who had mental symptoms but no 
anxiety dreams, 7 had no neurosis but presented 
a personality change only, evidently related to 
structural changes of the brain. Two other pa- 
tients had depressed emotions related to accom- 
panying injuries of long duration. In 7 of the 
remaining 9 patients, the post-traumatic condition 
was a mere exacerbation of previously existing 
psychiatric liabilities. Only 2 patients with nor- 
mal pretraumatic personalities had an anxiety 
condition which had developed after injury and 
which was not accompanied by anxiety dreams. 
One of these, a young woman, dreamed of seeing 
her dead father, although she had never dreamed 
of him before. The case was that of a clearcut 
“compensation neurosis,” and the father’s death 
had been of decisive influence on the patient’s 
financial condition. This patient is still in the 
midst of litigation procedures for a large sum, 
although her injury was comparatively small. She 


takes an active and determined interest in the 
procedures, with all her anxieties centered around 
the compensation. The second patient, who, after 
his accident, was afraid of returning to his for- 
mer occupation, which he had previously disliked 
because of associated danger, dreamed about his 
return to another, preferred type of work. He 
actually never returned to his former occupation 
and evidently had made up his mind not to do so 
rather soon, thus evading anxiety. 

The patients regularly woke from the anxiety 
dreams with a start, trembling and perspiring. 
Only 4 of the 39 patients with post-traumatic 
nightmares had these dreams during the first few 
nights following injury. The dreams represented 
a reaction to the frightening experience, and 
thus they repeated the accident with hardly any 
distortion. For instance, a young laborer, who 
had been pushed by a car for some distance be- 
fore hitting the pavement, relived the frightening 
experience in several anxiety dreams during the 
first few nights following the accident. The night- 
mares of the remaining 35 patients occurred after 
an interval during which they had sufficiently re- 
covered to return home, usually during the first 
or second week at home. This delay indicates 
their anxiety in relation to their pending obliga- 
tions, rather than merely a horror connected 
with the injury itself. Consequently, the dream 
content was distorted, and was concerned with 
mutilation and destruction, often with the patient 
bleeding. This delay is in contrast to the im- 
mediate occurrence of nightmares in patients who 
had gone through some harrowing experience 
which had dazed them to such an extent that for 
some time they were unable to deal with it on a 
conscious level. I ^ observed the immediate ap- 
pearance of nightmares in 15 of the 25 patients 
who were subjected to the horrors of a disaster 
with burns and partial asphyxiation (Cocoanut 
Grove fire in Boston). These dreams also re- 
peated incidents of the disaster with hardly any 
distortion of content. 

Prolonged physical disability, such as that 
caused by accompanying injuries, occasionally 
brought about long delay in appearance of anxiety 
symptoms and anxiety dreams. For instance, in 
a patient who had been kept in bed for six 
months because of a fractured leg anxiety dreams 
developed only at the end of that time, together 
with other symptoms of anxiety, which then pre- 
vented him from returning to full work. 

All 28 patients with post-traumatic anxiety 
dreams and no 'such dreams previous to injury 
also presented other symptoms of anxiety. Cases 
of this type have been reported by McCurdy,^ 
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Kardiner^ and Schilder^^ in their descriptions 
of patients suffering from post-traumatic anxiety 
neuroses. 

It is interesting to note that none of the 8 
patients with retrograde amnesia lasting more 
than one hour had anxiety dreams, but the num- 
ber of patients is too small to justify definite 
conclusions. 

The presence and prolonged duration of head- 
aches and dizziness were noted two to three times 
as often in patients with post-traumatic night- 
mares as in the whole group of 200 patients. 

ATTITUDE TOWARD EMPLOYMENT 

In 8 of the 11 patients in v/hom occupational 
difficulties had been noted the attitude toward 
employment underwent a characteristic change 
after the injury. They had worked steadily be- 
fore injury but had been laboring for some time 
under emotional stress in relation to their occu- 
pation, which they resented because of associated 
danger or monotony or because they felt unduly 
burdened. After injury this chronic tension de- 
veloped into an acute exacerbation, which be- 
came incapacitating because of associated fears 
and other mental symptoms. This condition freed 
them from their obligations to continue their for- 
mer occupation. The use of this mechanism of 
“secondary gain” is a part of the neurotic symp- 
tom formation, and as such is unconscious. Six 
of the 8 patients never returned to their former 
work. Three of them are still incapacitated be- 
cause of their anxieties in relation to resuming 
their previous work, and the other 3 patients 
changed to another type of work. The 2 house- 
wives succeeded in securing the help of their 
families in their housework after they had been 
trying unsuccessfully to do this for years prior 
to the injury. This resentful, dissatisfied attitude 
of patients toward their work can be found on 
careful psychiatric exploration immediately after 
injury, and the development of anxiety neuroses 
in such patients can be anticipated. At that stage 
patients with head injury give no evidence of 
anxiety related to the injury but the great ma- 
jority exhibit a contemplative mood, actually 
expressing their intention of returning to work. 
Their initial physical disability protects them at 
this time from resuming their responsibilities. 
Therefore the duration of this “preneurotic inter- 
val” varies according to the severity of the physi- 
cal injury. Roussy and Lhermitte ^ have described 
this phase, designating it as one of “incubation 

14. Schilder, P.; Neuroses Following Head and 
Brain Injuries, in Brock, S. : Injuries of the Skull, 
Brain and Spinal Cord, Baltimore, William Wood & Co., 
1940. 


and contemplation.” Final judgment about the 
patient’s mental reaction to the injury can be 
made only after he is physically fit to return to 
work. This accounts for the frequent delay in 
onset of mental symptoms as compared with the 
time of onset of headaches and dizziness. The 
longest delay was observed by us in a 53 year 
old worker whose case has been mentioned in a 
previous part of this paper because of the occur- 
rence of delayed nightmares. For many years 
he had had an inner conflict between his dislike 
of an occupation which he found monotonous and 
his feeling that it was his duty to stay on the 
job for the sake of financial security. For the 
six months following injury, while physically 
incapacitated because of a complicating fracture 
of the leg, he declared himself resolved to return 
to full work as soon as his leg was healed. His 
mood was pensive, given to meditation over his 
type of work, but not anxious. When he was 
faced with the necessity of resuming his occupa- 
tion, however, typical anxiety states and night- 
mares developed, a condition which has made it 
impossible for him to resume full time work, and 
he is about to make a change in his occupation. 
This -type of neurosis, originating in a conflict 
between a sense of duty or self respect and the 
patient’s idea of self preservation, may well be 
designated a “conflict neurosis,” as was done by 
Symonds in a recent paper. He differentiated 
another type, “fear neurosis,” which originates 
in the experience of frightening events which the 
patient is unable to balance and which initiate 
fear reactions. The great majority of neuroses 
which develop after civilian head injuries are 
“conflict neuroses,” since the actual accident is 
usually of short duration and devoid of frighten- 
ing content, and may be totally blotted out by 
long-lasting retrograde amnesia or preceding con- 
sumption of alcohol. In only 4 of our patients 
was the reaction that of a “fear neurosis.” In 
them there was no delay in onset of anxiety, but 
they showed pronounced emotional disturbance 
while in the hospital, and their anxiety dreams 
occurred during the first nights in the hospital. 
One was a laborer aged 21 who had been dragged 
along by a car for a long distance before hitting 
the pavement. His anxiety neurosis started 
while in the hospital, and he gave the impression 
of suffering from a severe fright reaction. Night- 
mares, during which he relived the frightening 
experience, tormented him during the nights fol- 
lowing the accident and for a few months there- 
after. 

No attempt was made to prevent the develop- 
ment of a “conflict neurosis” in civilians by early 
psychotherapy. It appears that if there is evi- 
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dence of conflict in relation to pending obliga- 
tions the “preneurotic interval” between the in- 
jury and full development of the neurosis is the 
most suitable time for preventive psychiatric 
measures. 

Unless a post-traumatic neurosis developed, 
no post-traumatic change of attitude toward em- 
ployment could be noted. Patients who had uti- 
satisfactory work records continued after injufy 
to be failures at work. In particular, it should he 
stressed that mere dissatisfaction with work does 
not imply the presence of a conflict, conducive 
to the development of post-traumatic neurosis. 
There were several patients who openly disliked 
their kind of work, for instance, students who 
hated school and planned to leave and start work, 
and several adult workmen. But, unlike the po- 
tential neurotic patient, they openly strove to 
bring about a change and often succeeded in 
doing so without having to resort to the detour 
of neurotic mechanisms originating from conflicts. 

In addition, our 7 patients with personalit}' 
changes which were evidentl}^ caused by damage 
to the brain did not show any changes of attitude 
toward employment. These observations suggest 
the advisability of careful scrutiny of undeflyiug 
causes before the statement is made that injuty 
to the brain is often associated with change of 
attitude toward work. To understand such a 
change, an accompanying statement about the 
presence or absence of post-traumatic neurosis is 
mandator}^ 

OTHER ENVIRONMENTAL COMPLICATIONS 

A mechanism similar to that resulting from 
conflict in relation to occupation could be found 
in relation to other environmental problems. 
Problems of litigation and compensation were 
associated with an unfavorable psycliiatric course 
in 20 of 34 patients who had such problems. All 
these patients had been harassed by debts and 
other financial obligations for some time before 
injury. After injury their interest centered around 
the problem of compensation, through the solu- 
tion of which they hoped to be relieved of their 
previous anxieties. 

For instance, 1 patient had been unable to pay 
dues on her insurance for almost a year prior to 
her injur)'. Another patient had been anticipat- 
ing with anxiety the time when her brother was 
expected to enter the Army, and by a coincidence 
this happened a few days after her head injury- 
Two other patients had been overconscientious 
and overanxious in obtaining financial security- 
These were the patients who after injury centered 
their anxieties about the compensation problem, 
as though a satisfactor)* settlement of their claims 


might present an escape from their previous 
anxieties. 

PSYCHOLOGIC REACTION TO THE INJURY ITSELF IN 
PATIENTS WHO DIO NOT PRESENT POST- 
TRAUMATIC NEUROSES 

The psychologic reaction to the injury itself 
was studied in detail in 35 patients who had not 
shown any post-traumatic mental symptoms. Of 
these, 18 showed no psychologic reaction what- 
ever to the injury. Answers, such as ‘T never 
gave it a thought,” or “It never bothered me,” 
were given repeatedly. The remaining 17 patients 
showed a reaction which should not be confused 
with that of post-traumatic neurosis, since its 
course and prognosis differ considerably from 
the latter condition. These patients reported 
initial concern about either the outcome of their 
injury or their ability to go through conditions 
repeating the circumstances of the accident, but 
they were able to control their thoughts and to 
consider the problem with equanimity. For in- 
stance, patients who had had traffic accidents re- 
ported that they had first felt nervous when 
driving but that they drove just the same, only 
more carefully. People who had been struck by 
traffic reported that they looked around more 
carefully before crossing a street but that they 
crossed just the same. Patients who had been 
injured during football games decided to wear a 
helmet or not to play any more since they had 
to support their families and were anxious to 
avoid further work disability. Another patient 
who had been injured while roller skating de- 
cided to frequent a rink other than the one at 
which she had been injured, where better in- 
struction was given and stricter discipline was 
maintained. A few patients were concerned about 
the physical outcome for a short while after in- 
jury. Some remembered things they had read 
about amnesia and thought they might forget 
much of their past ; others worried about careless 
remarks which they had heard concerning the 
seriousness of their injury, but they were com- 
forted after the first reassuring discussion with 
the physician. No one in this group had any 
prolonged work disability. The majority returned 
to work immediately after discharge from the 
hospital. None had any post-traumatic anxiety 
dreams. Thus, their reaction to the injury' pro- 
moted attention, sharpened judgment and re- 
sulted in suitable measures toward self preserva- 
tion. The pretraumatic, as well as the post- 
traumatic, adjustment to work and social obliga- 
tions was undisturbed in this group. This fact 
and the absence of post-traumatic nightmares 
make it possible to forecast a favorable develop- 
ment of a condition which otherwise shows points 
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of similarity to the early stages of post-traumatic 
neurosis. 

We estimated that of all patients with head 
injuries about one-third showed no psychologic 
reaction whatever to the injury ; one-third 
showed apprehension resulting in a healthy ad- 
justment and in increased measures for self 
preservation, while the other third reacted with 
the development of neurosis. 

WORKING EFFICIENCY FOIXOWING INJURY IN RELATION 
TO PRETRAUMATIC AND POST-TRAUMATIC 
PSYCHIATRIC CONDITIONS 

Of the 42 patients who returned to work within 
seven days, only 1 patient, a Negro woman, had 
any post-traumatic mental sequelae. Her pre- 
traumatic alcoholism and hypochondriasis were 
somewhat worse after injury. Of the 71 patients 
returning to work within one month, the propor- 
tion with post-traumatic mental symptoms was 
also low, namely, 21 per cent. On the other 
hand, of the 60 patients whose working disability 
was longer than one month, the proportion with 
post-traumatic mental symptoms was high, name- 
ly, 65 per cent. All the 18 patients returning to 
work after four months had psychiatric compli- 
cations. Two of the 18 patients, however, pre- 
sented personality changes only, without psycho- 
genic complications. Of the remaining 16 pa- 
tients with post-traumatic neurosis, 15 had 
anxiety states and 1 an obsessive-compulsive con- 
dition. However, this patient who complained 
that after injur}'- he had phobias and compulsions 
forcing him, for instance, to try over and over 
whether he had locked the door of his garage, 
was seen only once and refused to submit to fur- 
ther follow-up study. 

These observations reveal that post-traumatic 
mental complications are the chief cause of long- 
lasting employment disability after civilian head 
injuries. These complications are predominantly 
composed of anxiety reactions. 

SUMMARY ANB CONCLUSIONS 

Of a group of 200 patients, post-traumatic 
mental symptoms developed after head injury in 
31.5 per cent. A number of extrinsic and in- 
trinsic factors were examined in relation to the 
development of these symptoms. Pretraumatic 
factors having a high incidence of post-traumatic 
mental symptoms were advancing age, the mar- 
ried status in men, certain national stocks, cer- 
tain occupations, the type of injury and, among 
the psychiatric disturbances, pretraumatic symp- 
toms based on anxiety. Post-traumatic factors 
having a high incidence of post-traumatic mental 
symptoms were the initial occurrence of coma 


and post-traumatic amnesia, certain accompany- 
ing injuries, a prolonged stay in the hospital and 
the presence of headaches and dizziness. In par- 
ticular, prolonged duration of headaches and 
dizziness was associated with a high incidence of 
mental symptoms. Other physical sequelae of 
the injury lasting more than six months had an 
equally high incidence of mental symptoms (73 
per cent) . Post-traumatic nightmares were regu- 
larly associated with additional symptoms of 
anxiety. In addition, certain environmental com- 
plications, occupational difficulties in particular, 
and problems of litigation and compensation were 
correlated with a high incidence of post-traumatic 
mental symptoms. 

Of the patients with post-traumatic mental 
symptoms, the largest group, 48 patients, had 
post-traumatic anxiety states. Twenty-three of 
these patients had previously normal personali- 
ties, whereas the remainder had preexisting 
psychiatric liabilities. In all but 1 of these 48 
patients the issue was complicated by environ- 
mental difficulties, such as occupation, litiga- 
tion, etc. 

The post-traumatic neuroses of all but 3 of 
the 26 previously normal patients conformed to 
the picture of anxiety neurosis. The psychiatric 
syndrome in patients with pretraumatic psychi- 
atric complications varied through modification 
of the preexisting condition, although 19 of the 
26 patients presented predominantly anxiety 
symptoms. 

Whereas anxiety symptoms were the pre- 
dominant mental features in the post-traumatic 
neuroses, particularly neuroses in previously nor- 
mal patients, symptoms of personality change 
only, such as euphoria, moodiness and apathy, in 
addition to changes in the intellectual status, 
were presented by 7 patients with severe head 
injuries. 

Mental symptoms, particularly symptoms of 
anxiety, are, with headaches and dizziness, the 
commonest symptoms in convalescence. They 
are also the most common symptoms relating to 
disability and are undoubtedly the major cause of 
disability, in particular of prolonged disability. 
A number of factors enter into the production of 
such anxiety symptoms, the most direct being 
reproduction of fears related to the injury and 
accentuation and elaboration of preexisting con- 
flicts in relation to occupational and financial 
questions. The latter factor accounts for the 
delay in onset of mental symptoms observed in 
several patients until they had recovered physi- 
cally and were again faced with their obligations. 

Duke Hospital, Durham, N. C. 
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III. ELECTROENCEPHALOGRAPHIC CHANGES ASSOCIATED WITH 
ACUTE ALCOHOLIC INTOXICATION 

GEORGE L. ENGEL, M.D.. and MILTON ROSENBAUM, M.D. 

^ CTNCINNATI 


Previous studies of the electroencephalograms 
of patients with delirium have demonstrated a 
close correlation between changes in the electrical 
activity of the brain and the level of conscious- 
ness, but no correlation with the more personal 
aspects of behavior, such as the character or ex- 
pression of anxiety, the nature of sense deceptions 
or the content of thought.^ The earliest changes 
in the electroencephalogram consisted of a pro- 
gressive decrease in the frequency to the 6 to 8 
per second range. In cases of more severe de- 
lirium there were increasing irregularity, disrup- 
tion of synchrony with the appearance of low 
voltage fast activity and, finally, development of 
much high voltage irregular, slow activity with a 
frequency of 2 to 6 cycles per second. The severity 
of the electroencephalographic changes was re- 
lated to the intensity, duration and reversibility 
of the noxious factors involved and to the pre- 
morbid status of the central nervous system, but 
was more or less independent of the nature of the 
noxious agents. The electroencephalographic 
changes were found to be reversible to the extent 
to which the clinical delirium was reversible. 
This was true whether there was spontaneous 
recovery or whether certain physiologic or chem- 
ical derangements were specifically corrected, as 
by changes in posture, by administration of 
oxygen, dextrose, insulin or adrenal cortex ex- 
tract or by blood transfusion. 

The administration of alcohol is an easy means 
of producing an acute delirium which is rapidly 
reversible. This affords an opportunity for 
further study of the relation between the electro- 
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chiat. 51:356 (April) 1944. Engel, G. L., and Romano, 
J. : Delirium; II. Reversibility of the Electroencephalo- 
gram with Experimental Procedures, ibid. 51:378 
(April) 1944. 


encephalogram and the level of awareness in an 
experimentally induced and readily reversible 
delirium. 

Gibbs, Gibbs and Lennox ^ studied a patient 
in alcoholic coma and found high voltage slow 
waves. With recovery the record returned to 
normal. Davis and associates ^ studied the effects 
of alcohol on the electroencephalogram and on 
the level of consciousness in 6 normal men. They 
gave 2 cc. of 100 per cent alcohol (mixed with 
fruit juices and sugar) per kilogram of body 
weight over a period of one hour. Analysis of 
the electroencephalograms of 2 subjects by means 
of the Grass analyzer showed a reduction in 
energy on the fast side of the frequency spec- 
trum, particularly in the range of 10 to 13 cycles 
per second with relatively low concentrations of 
alcohol. With higher concentrations episodes of 
slow waves (4 to 8 cycles per second) intruded 
into the subject’s characteristic electroencephalo- 
graphic pattern and appeared in the spectrum 
analysis as an increase of energy in the corres- 
ponding frequency band. The subject’s per- 
formance on the psychometric tests was definitely 
impaired while the concentration of alcohol in 
the blood was at its height (125 to 140 mg. per 
hundred cubic centimeters) and for an hour 
thereafter, but returned approximately to normal 
in four or five hours. The alcohol level of the 
blood was still elevated (90 to 120 mg. per 
hundred cubic centimeters) and the modifications 
of the electroencephalogram were still ‘prominent 
at the end of the experiment, but the subjects 
were fairly sober. Mirsky and associates ^ 
studied the electroencephalograms of 4 normal 

2. Gibbs, F. A.; Gibbs, E. L., and Lennox, W. G. ; 
Effects on the Electroencephalogram of Certain Drugs 
Which Influence Nervous Activity, Arch. Int. Med. 
60:154 (July) 1937. 

3. Dayis, P. A.; Gibbs, F. A.; Davis, H. ; Jetter, 
W. W., and Trowbridge, L. S. : The Effects of Alcohol 
upon the Electroencephalogram (Brain Waves), Quart. 
J. Stud, on Alcohol 1:626, 1941. 

4. Mirsky, I. A. ; Piker, P. ; Rosenbaum, M., and 
Lederer, H. : Adaptation of the Central Nervous Sys- 
tem to Various Concentrations of Alcohol in the Blood, 
Quart. J. Stud, on Alcohol 2:35, 1941. 
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METHODS AND MATERIALS 


rabbits in which alcohol was injected intra- 
venously. When the animals became intoxicated Seven normal subjects and 4 patients with chronic 
and comatose, diminution in amplitude and fre- alcoholism who had occasional convulsions associated 
quenc^df all cortical waves occurred. Occa- with drinking bouts were utilized for this study. One 
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normal subjects were given only the first dose and 
observed for only one hour. The subjects with chronic 
alcoholism received, in addition, a third dose of 0.5 Gm. 
of alcohol per kilogram of body weight between one 
hundred and one hundred and twenty minutes after the 


All signs and symptoms were noted, and the diag- 
nosis was made in accordance with the criteria set 
down by Jetter o as essential for the determination of 
clinical intoxication. The subject was considered clini- 
cally intoxicated + fo ++++) when there were 
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Fig. 2. — Tracings for a subject with chronic alcoholism and associated convulsions, taken during acute intoxi- 
cation. 

The control electroencephalogram reveals a dominant fast record (10 to 14 waves per second) with faster 
(15 to 18 waves per second) and slower (8 to 9 per second) activity. There were infrequent individual waves 
with a frequency of 6 to 7 per second which do not appear in the spectrum as such because tliey were added with 
faster waves to make the totals for each one second interval. With maximum intoxication the mean frequency 
shifted from 12.87 to 9.71 waves per second ; twenty-five and a half hours after the first dose of alcohol, the record 
had returned to the control state. 


first dose. The alcohol was administered orally, after 
an overnight fast, and each dose was consumed within 
two to fifteen _ minutes. With the exceptions already 
noted, observations were carried out over the course of 
seven to twentj'-five hours. 


S. Jetter, W. W. : Studies in Alcohol : Diagnosis 
of Acute Alcoholic Intoxication by Correlation of 
Clinical and Chemical Findings, Am. J. M. Sc. 196:475, 
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abnormality of gait, ataxia, abnormality of speech, 
various emotional changes and gross fluctuations in the 
level of awareness. When the subject reported the first 
subjective effects of alcohol, it was recorded as 1 to_ 2 
plus (+ to ++), the grade depending on the intensity 
of the symptoms, although at "this stage the subject was 
not considered grossly intoxicated. In addition, more 
detailed psychologic tests to determine the level of 
awareness were carried out on the normal^ subjects. 
These included tests of orientation, handwriting, serial 


jects only bipolar fronto-occipital tracings were taken. 
Electroencephalograms were recorded before alcohol 
was given and at various intervals up to twenty- 
five hours after administration of the first dose of 
alcohol. Gross changes in the electroencephalogram 
were sought for by inspection. In addition, the spec- 
trums of frequency distribution in fronto-occipital 
tracings were obtained by a quantitative method." This 
method consisted in counting the number of waves per 
second interval for a record of two hundred seconds. 
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Fig. 3. Tracings for a subject with chronic alcoholism and associated convulsions, taken during acute intoxi- 
cation. 

The control dectroencephalogram reveals a mean frequency of 8.78 waves per second, with some slower fre- 
quencies appearing paroxysmally. With maximum intoxication slow frequencies became prominent, and the mean 
frequency was reduced to 6.51 waves per second. 


subtraction, digit span and interpretation of proverbs. 

The electroencephalograph was a standard three chan- 6. Engel, G. L. ; Romano, J. ; Ferris, E. B Jr • 
nel, ink-writing oscillograph, constructed by Mr. Albert Webb, J. P., and Stevens,' C.’ D.’: A Simple Method 
Grass. For the subjects with chronic alcoholism six of Determining Frequency Spectrums in the Electro- 
electrodes were placed over the frontal, parietal and encephalogram: Observations on Effects of Physiologic 
occipital regions on the two sides, and routine mono- Variations in Dextrose, Oxygen, Posture and Acid 
polar and bipolar tracings were taken to rule out the Base Balance on the Normal Electroencephalogram 
presence of focal abnormalities. For the normal sub- Arch. Neurol. & Ps)’^chiat. 51:134 (Feb.) 1944 ^ 
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The distribution of waves per second was then expressed 
as percentages of the whole, i. e., the percentages of 
second intervals containing 10 waves, 9 waves, 8 waves, 
etc. When waves faster than 12 per second were of 
very low voltage (less than 5 microvolts), they were 
all grouped together as “low voltage fast” activity. 
The fast waves of higher voltage were counted. Only 
the dominant waves that returned completely, or almost 
completely, to the base line were counted, the super- 
imposed frequencies of low voltage being ignored. This 
method of counting is illustrated in the accompanying 
figures. The distribution of frequencies per second 
is expressed graphically as a nomogram, in which fre- 
quencies from 8 to 12 cycles per second inclusive (the 
so-called alpha range) are charted in black and all 
other frequencies in cross hatching. In addition, a 
value for mean frequency was obtained by averaging 
the distribution of waves per second interval, as ex- 
pressed in the nomogram. This yields an over-all 
expression of frequency for each record which allows 
for rapid and accurate comparison of shifts in frequency 
under the various experimental conditions. This method 
has proved highly reliable in detecting even small shifts 



Fig. 4. — Shift in mean frequency of cerebral activity 
during acute alcoholic intoxication and recovery for 2 
normal subjects and for 2 subjects with chronic alcohol- 
ism. All the subjects showed evidences of intoxication 
beriveen the first and seventh hour. 

In this graph, the curve with solid and with hollow 
circles indicate values for subjects with chronic alcohol- 
ism (Hue and P respectively in table) ; the curves with 
crosses and with daggers, values for normal subjects (R 
and S respectively in table). 

in frequency distribution during manipulation of various 
physiologic determinants of the electroencephalogram ® 
and during pathologic conditions ^ and is discussed in 
more detail in the references cited. 

RESULTS 

The development of acute intoxication followed 
the familiar course. The first subjective symp- 
toms were noted by the normal subjects within 
forty minutes, while the subjects with chronic 
alcoholism generally did not acknowledge any 
symptoms until well into the second hour, usually 
after receiving the second dose of alcohol. In 
addition to the classic s}TTiptoms of intoxication 
already described, all subjects showed pro- 
nounced somnolence, from which, however, they 
could alwaj's be aroused. The electroencephalo- 


gram taken during this sleep did not differ from 
the pattern obtained during normal sleep. For 
the purposes of this study we kept the subjects 
as alert as possible during the electroencephalo- 
graphic recordings by interrupting the run at 
frequent intervals, by talking, ringing a bell and 
having the subject open the eyes; no records 
made during sleep were included in this study. 
This pronounced somnolence results in an exag- 
gerated impression of the degree of disturbance 
in consciousness at the period of maximum in- 
toxication. Actually, as compared with the dis- 
turbance noted in an earlier study of delirious 
patients, the maximum loss of awareness as de- 
termined by the more detailed psychologic tests 
never exceeded what was classified as “mild” in 
that study. ^ 

In all instances the development of intoxica- 
tion was accompanied by progressive slowing of 
all countable frequencies in the electroencephalo- 
gram (table). The accompanying figures illus- 
trate these changes in a normal subject whose 
control record showed a dominant alpha pattern 
(fig. l), a subject with chronic alcoholism whose 
control record showed dominant high voltage fast 
waves with moderate amounts of 8 to 12 per 
second activity (fig. 2) and a subject with chronic 
alcoholism whose control record showed a domi- 
nant 9 to 10 per second rhythm with a moderate 
amount of 7 to 8 per second activity (fig. 3). 
The control records of the other 2 subjects with 
chronic alcoholism also showed abnormal pat- 
terns characterized by the admixture of fast and 
slow activity of moderately high voltage. Six 
normal subjects had normal, dominant alpha 
patterns, while the seventh had a mixed distribu- 
tion of fast and alpha activity (8 to 15 per sec- 
ond). It will be noted from these figures that 
the changes in the level of consciousness corre- 
lated with slowing of the frequency but not with 
the appearance of any particular frequency. Thus, 
the electroencephalogram of the normal subject 
whose control record showed a mean frequenc)'^ 
of 10.71 cycles (range, 9 to 12 cycles per second) 
revealed a shift to a mean frequency of 8.47 
cycles (range, 7 to 10 cycles per second), with 
only 11 per cent of 7 per second waves at the 
height of intoxication. The record during maxi- 
mum intoxication still falls within the range of 
accepted normality but represents a profound 
shift in frequency for this subject. This shift in 
frequency is far beyond any range previously 
established during alterations within physiologic 
zones induced by administration of dextrose and 
oxygen or by changes in posture for 10 normal 
subjects.® Identical results were obtained for the 
other normal subjects (table). Similarly, the 
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tracing for the subject with chronic alcoholism 
whose control records showed a mean frequency 
of 12.87 cycles (range, 8 to 18 cycles per second) 
showed a shift in mean frequency to 9.71 cycles 
(range, 7 to 13 cycles per second) at the height 
of intoxication (fig. 2). During the period of 
developing intoxication and during recovery this 
patient’s record actually showed a higher per- 
centage of frequencies within the so-called normal 
range (8 to 12 waves per second) than did his 
control record. This case, again, illustrates the 
importance of the degree of shift in frequencies 
rather than the absolute frequency obtained. 
Finally, the electroencephalogram of the subject 
whose control records showed dominantly slow 
activity (mean frequency, 8.78 cycles ; range, 
7 to 11 cycles per second) yielded much more 
slow activity (fig. 3) at the height of intoxication 
(mean frequency, 6.51 cycles; range, 2 to 10 
cycles per second). Expressed in terms of change 
in mean frequency, gross intoxication was asso- 
ciated with a decrease in mean frequency of 2 to 
3 cycles per second, regardless of the initial 
pattern. 

The correlation between the changes in the 
electroencephalogram and the signs of “gross 
intoxication” (-h -f -f- and + + -h +) was 
good, although during the phase of recovery, 
when the patients described themselves as sober, 
the electroencephalogram had not yet returned 
to the control base line. However, more careful 
psychologic tests for the level of awareness in 3 
of the normal subjects revealed minor defects 
at this time. With essentially similar electro- 
encephalograms during induction of and recovery 
from intoxication, the performance of the sub- 
ject, both subjectively and objectively, was con- 
sistently better during recovery. The reason 
for this discrepancy is not fully understood, but 
it is possible that it is more dependent on psycho- 
logic than on physiologic factors. 

In the case of the subject who had a severe 
“hang-over,” characterized by headache, vertigo 
on movement of the head, nausea and vomiting, 
the electroencephalogram had returned almost to 
the control pattern at the height of the “hang- 
over.” 

COMMENT 

These data confirm essentially the previous 
observation that the earliest change of the electro- 
encephalogram during delirium consists of a 
general decrease in frequency, with a shift of 
frequency distribution spectrums to the slower 
range.^ As with the delirious patients, these 
early changes were not associated with any 
striking change in regularity. In the present 


studies, however, we had the advantage of 
knowing the character of the predeliriiim electro- 
encephalogram. With this information, it is now 
possible to state that in correlation of the effects 
of noxious substances on the electroencephalo- 
gram and on the level of consciousness, the- 
degree of change in frequency is of more sig- 
nificance than the appearance of any particular 
frequency. Indeed, with initial records that are 
predominantly fast, the tracing obtained during 
mild disturbances in consciousness may actually 
appear more normal than the control record. 
These results, again, emphasize the need for 
caution in the interpretation of single electro- 
encephalograms for patients with disturbances 
in consciousness due to changes in cerebral 
metabolism. 

The question whether alcohol increases the 
convulsive tendency, as represented in the elec- 
troencephalogram, cannot be answered by these 
preliminary obserr’^ations on the 4 alcoholic 
patients with convulsions. The shift toward slow 
frequencies included not only the dominant ele- 
ments, whether they were fast or slow, but the 
more paroxysmal rhythms. 

SUMMARY 

Acute alcoholic intoxication was induced in 7 
normal subjects with normal electroencephalo- 
grams and in 4 subjects with chronic alcohqlism 
who had occasional convulsions associated with 
drinking bouts and whose control electroenceph- 
alograms showed abnormally fast or slow activity. 
The distribution of frequencies was determined, 
and, in addition, the mean frequency was cal- 
culated. In all instances the development of in- 
toxication was accompanied by progressive 
slowing of the brain waves, but the degree of 
slowing proved a more reliable index than the 
development of any particular wave frequency. 
Expressed in terms of mean frequency, gross 
intoxication was associated with a change in 
mean frequency of 2 to 3 cycles per second. 
When the preintoxication record was fast or fast 
normal, the record obtained during gross intoxi- 
cation had a frequency distribution within the 
normal range (8 to 12 waves per second) and 
contained no frequencies below 7 waves per 
second. Indeed, some abnormally fast records 
became more “normal” during intoxication. With 
recovery the electroencephalogram returned to 
the preinduction status. A close correlation was 
demonstrated between the electroencephalogram 
and the level of consciousness, but not with the 
more personal aspects of behavior. 

Cincinnati General Hospital. 
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The work of Quastel and associates^ has 
shown that narcotics even in low concentrations 
inhibit specifically the oxidation in vitro by brain 
cells of d-glucose, lactic acid and pyruvic acid. 
This inhibitory action takes place, not by prevent- 
ing the access of oxygen to brain cells nor by in- 
terfering with the activation of oxygen by brain 
catalysts, but by impairing the hydrogen-liberat- 
ing mechanisms (dehydrogenase activity) which 
normally result in activation of lactic or pyruvic 
acid. 

Narcotics inhibit this dehydrogenase activity, 
presumably by forming surface films or adsorp- 
tion compounds which prevent the access of 
hydrogen donators to their activating enzymes.^ 
Thus, the effect of the narcotic is to diminish 
the ability of the brain cells to oxidize lactic or 
pyruvic acid or d-glucose. The access of oxygen 
to the cell is quite unimpaired, but the diminished 
oxidizing ability of the cells results in a lowering 
of the amount of energy available for these cells 
to accomplish their functional activities. This 
depression of the normal functional activity of 
the cells in question results in, or is, “narcosis.” 

The chain of oxidative processes in brain 
cells may be represented in outline by the fol- 
lowing simplification; At the beginning of the 
chain the principal substrate is d-glucose, which, 
through a long chain of intermediary changes, is 
finally oxidized to carbon dioxide and water, 
with liberation of large amounts of energy. One 
of the chief intermediary stages in the first part 
of the breakdown of d-glucose is the oxidation of 
lactic acid to pyruvic acid. Meyerhof® showed 

From the Department of Neuropsychiatry, Harvard 
Medical School, and the Psychiatric Department and 
Electroencephalographic Laboratory, Massachusetts Gen- 
eral Hospital. 

1. Quastel, J. H., and Wheatley, A. H. M.: Nar- 
cosis and Oxidation of Brain, Proc. Roy. Soc., London, 
s.B 112:60-79, 1932. Davis, D. R., and Quastel, J. H. : 
Dehydrogenations by Brain Tissue: Effects of Nar- 
cotics, Biochem. J. 26:1672-1684, 1932. Quastel, J. H.: 
Respiration in the Central Nervous System, Physiol. 
Rev. 19:135-183, 1939. 

2. Sen, K. C. : The Effect of Narcotics on Some 
Dehydrogenases, Biochem. J. 25:849-857, 1931. 


the dependence of this stage on the presence of 
a coenzyme which acts as a specific carrier linking 
lactic dehydrogenase with lactic acid in such a 
way that the dehydrogenase can remove hydro- 
gen from the lactic acid, with the production of 
pyruvic acid. The dehydrogenase which activates 
lactic acid as a hydrogen donator is highly 
specific^ and is present in greater quantities in 
brain than in muscle.® 

It is this stage of dehydrogenase activity which 
is inhibited by narcotics of the barbiturate type. 
To repeat, these narcotics do not interfere with 
the catalytic activation of oxygen, or with the 
access of oxygen to the brain cells, but inhibit 
the activity of the dehydrogenase stages of 
pyruvic and lactic acid catabolism. 

The mechanism of this dehydrogenase activity 
may well be, as Quastel and Wooldridge ® sug- 
gested, a polarization of the molecule of the sub- 
strate by an electric field at the cell surface to 
which the molecule is attached. If the polariza- 
tion is sufficient, the molecule will receive its 
critical energy of activation and will then be 
able to function as a hydrogen donator. 

This chain of events in the cell respiration of 
brain tissue has been worked out from data 
gained from in vitro experiments with minced 
fresh brain and with brain slices, variations of 
the Barcroft and Warburg technics ^ being used 
for the most part. To extend these studies to the 
respiration of brain cells in vivo necessitates 
some other technic. Electroencephalography may 
well furnish pertinent data in this field. 

3. Meyerhof, O. : Ueber die Atmung der Frosch- 
muskulatur, Arch. f. d. ges. Physiol. 175:20-87, 1919. 

4. The dehydrogenase which activates lactic acid has 
been isolated, and its chemical constitution is known 
(Schlenk, F. : Whither Enzyme Chemistry, Texas Rep 
Biol. & Med. 2:183-205, 1944). 

5. Green, D. E., and Brosteaux, D. : Lactic De- 
hydrogenase of Animal Tissues, Biochem. 'j. 30:1489- 
1508, 1936. 

6. Qyastel, J. H., and Wooldridge, W. R.: Some 
Properties of Dehydrogenating Enzymes of Bacteria 
Biochem. J. 22:689-702, 1928. 

1 , Dixon, M. : Manometric Methods, London Cam- 
bridge University Press, 1934. ’ 
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The work of Hoagland ® demonstrated clearly 
the influence of changes in brain cell respiration 
on the frequency rates of cortical potentials. It 
is probable that cortical cells build up potential 
gradients in the process of their respiratory 
metabolism, and, as Hadidian and Hoagland 
stated : 

These may be of the nature of diffusion potentials across 
cell membranes which possess definite electrical im- 
pedance and which discharge when the potentials reach 
a critical value. In such a system the discharge fre- 
quency depends on the speed with which the metabolic 
factor can load the capacities of the cell walls to their 
critical discharge potentials. The absolute frequency 
would thus depend on the rate of cellular respiration 
and on the electrical impedance of the cell walls. 

The purpose of the present study was to 
determine whether the electroencephalogram of 
the intact human being would give any evidence 


and occipital region. Dextrose (d-glucose) (SO Gm.) 
was given by mouth to every subject to insure adequate 
amounts of initial substrate. 

A base line electroencephalogram was made with a 
Grass six channel ink-writing oscillograph (the heart 
rate being recorded on one channel), and the recording 
was continued through intravenous injection of the bar- 
biturate and for approximataely one hour after its 
administration. 

Three drugs were used: sodium amytal, sodium pen- 
tothal and sodium pentobarbital, the doses of sodium 
amytal varying frdm 0.25 to 0.65 Gm. and the doses 
of sodium pentothal from 0.125 to 0.5 Gm. The dose of 
sodium pentobarbital used was 0.3 Gm. 

RESULTS 

The initial effect of slow intravenous injection 
of any of the three drugs was completely con- 
sistent and dramatic. It was characterized by the 
appearance of high voltage fast activity, which 
is defined here as a frequency of 21 to 32 cycles 




3 

CKC 

Before injection 

~ — ^ . — — -■■■ — 




4 minutes after beginning of injection of Sodium Amytal 

Fig. 1. — Effect of sodium amytal on the electroencephalogram. 


with regard to impairment by barbiturates of 
cortical cell respiration or of the impedance 
characteristics of the cell membranes. 

METHOD 

Electroencephalograms were recorded by the standard 
method, which is too well known to need repetition 
here. Standard placement of six scalp electrodes was 
used, one electrode being placed on each frontal, parietal 


8. (o) Hoagland, H. : Chemical Pacemakers and 
Physiological Rhythms, in Alexander, J. : Colloid 
Chemistry, New York, Reinhold Publishing Corpora- 
tion, 1944, vol. 5; (6) Pacemakers of Human Brain 
Waves in Normals and in General Paretics, Am. J. Phy- 
siol. 116:604-615, 1936. (c) Hadidian, Z., and Hoag- 
land, H. : Chemical Pacemakers: I. Catalytic Brain 
Iron; II. Activation Energies of Chemical Pacemakers, 
J. Gen. Physiol. 23:81-99, 1939. 


per second,® and of voltages certainly above 25 
microvolts, and frequently reaching 100 micro- 
volts. Fast frequencies resulting from injection 
of sodium amytal were described by Cohn and 
Katzenelbogen and by Rubin, Malamud and 
Hope.^^ Electrical activity of the kind just de- 
scribed was observed in every subject to whom 

9. These figures are the extremes of the range of 
frequencies observed. The most commonlj^ occurring 
rate was 25 to 26 cycles per second. 

10. Cohn, R., and Katzenelbogen, S. : Electroen- 
cephalographic Changes Induced by Intravenous Sodium 
Amytal, Proc. Soc. Exper. Biol. & Med. 49:560-563, 
1942. 

11. Rubin, M. A.; Malamud, W., and Hope, J. M. : 
Electroencephalogram and Psychopathological Manifes- 
tations in Schizophrenia as Influenced by Drugs, Psy- 
chosom. Med. 4:355-361, 1942. 
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these drugs were* given. Sodium amytal was 
given to 16 patients (twenty experiments) ; 
sodium pentothal to 22 patients ( 50 experi- 
ments), and sodium pentobarbital to 2 patients 
(two experiments). The subjects were patients 
from the psychiatric wards of the Massachusetts 
General Hospital with psychoneuroses of various 
kinds. There were IS males and 16 females, 
with an age range of from 14 to 59 years. 

In figure 1 is shown the type of electrical 
activity characteristic of the effect of slow admin- 
istration of small doses of these drugs. In the 
upper record are bipolar tracings from the fron- 
tal, parietal and occipital regions respectively 
taken before administration of sodium amytal. 
In the lower record, taken four minutes after the 
beginning of the injection, the same leads are 




AFTER INJECTION OF 
0.2 GM. I.V. 

pUrYy44vyyV\/‘v>^^ 


AFTER INJECTION OF 
0.65 GM.l.V. 

Fig. 2. — Effect of intravenous injection of sodium 
amytal on the electroencephalogram. 


represented; here high voltage fast activity is 
present in every lead. The procedure employed 
in slow administration of the drug was to take 
two minutes in giving the first grain (0.065 Gm.) 
of the drug and from that point to administer 1 
grain (0.065 Gm.) per minute. Thus, this 
tracing of the action of the drug four minutes 
after the beginning of the injection represents 
the effect of the injection of 3 grains (0,195 
Gm.) of sodium amjffal. 


When a larger dose of sodium amytal was 
given, a second effect was seen in the electro- 
encephalogram. This consisted of slowing of 
the frequencies until delta waves of 3 to 4 per 
second developed (see fig. 2). These were not 
waves characteristic of sleep and were present 
while the patient was still responsive. 

Sodium pentothal when injected intravenously 
produced a similar effect. When the dose was 
small high voltage fast activity dominated the 
record, but when the dose was increased delta 
waves appeared. 
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Fig. 3, — Effect of intravenous injection of sodium 
pentothal on the electroencephalogram. 


It thus appears that barbiturates may have 
two distinct effects on the electroencephalogram ; 
one, the production of high voltage fast activity 
by low concentrations of the drug, and the other, 
slowing of the frequencies when the concentra- 
tion is increased. This concept of a dual effect 
receives support from the observation that swift 
administration of sodium pentothal, as in the 
induction of surgical anesthesia (0.2 Gm. in ten 
seconds), produces delta activity within one 
minute of the start of injection. Barbiturates 
are known to be rapidly destroyed in the body, 
so that the period of high concentration is neces- 
sarily brief. 
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The development of high voltage fast activity 
as the initial result of slow intravenous injection 
of these two barbiturates occurred in every sub- 
ject to whom they were given, without exception. 
The same effect was also observed in 2 subjects 
who received sodium pentobarbital (0.3 Gm.) 
intravenously. 

The development of 25 per second waves 
in the brain potentials of cats under anesthesia 
induced with pentobarbital was reported by 
Derbyshire and his co-workers.^’ With anesthetic 
doses of this drug Hoagland and associates 
' demonstrated slowing of the alpha rhythm and 
development of delta waves in dogs. 

The most striking observation relating to the 
high voltage fast waves was their appearance in 
the electroencephalogram in various parts of 
the cortex at different times. In every case the 
effect of the drug began to manifest itself in the 
form of high voltage fast activity in the frontal 
leads before it did in any other lead (tables 
1 and 2). 

Table 1. — Latent Period of Response* in Various 
Cortical Regions to Intravenous Adminis- 
tration of Sodium Pentothal 


after 0.25 Gm. of sodium pentothal had beei 
injected. The frontal leads already show prc 
nounced change, and three minutes after th 
beginning of the injection the change has ap 
peared in the parietal leads; but not until seve 

Table 2. — Latent Period of Response in Various 
Cortical Regions to Intravenous Injec- 
tion of Sodium Amytal 


Frontal Parietal Occipital 

Kegion Region Region 

t A A 


Case 

Dose, 

Gm. 

t ^ 

Min. 

Sec. 

, ^ 

Min. 

Sec. 

Min. Sec. 

1 

0.25 

5 

20 

6 

0 

No high voltage 

2 

0.35 

2 

IS 

3 

0 

fast activity 

4 15 

3 

0.35 



3 

20 

4 0 

4 

0.35 

Not recorded 

3 

0 

Pid not reach 

5 

0.45 

5 

0 

6 

SO 

25 aV 

13 so 

G 

0.5 

2 

0 

6 

0 
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7 

0.5 

5 

0 

6 

0 

25 pN 

6 20 

8 

0.5 

6 

0 

5 

so 

6 0 

9 

0.5 

6 

20 

7 

0 

9 30 

10 

0.5 

6 

0 

7 

10 

7 50 

11 

0.5 

6 

SO (50 /tV) 0 

0 
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12 

0.5 

4 

20 (15aV) B 

0 

25 aV 

6 20 

13 

0.6 

Not recorded 

2 

10 

5 SO 

. 14 

O.C 

4 

0 

5 

0 

7 0 

16 

0.65 

. . 


3 

30 

6 30 

16 

0.65 

2 

’6 

10 

0 

Did not reach 

17 

0.05 

3 

30 

4 

30 

25 aV 

6 0 

18 

0.05 

3 

0 

4 

0 


10 

0.85 

6 

SO 

7 

0 

9 0 


Frontal Parietal Occipital 



Dose, 

Gm. 

Region 

— K. 

Region 

Region 

Case 

' Min. 

Sec. 

' Min. 

See. 

' Min. 

See. 

1 

0.125 

0 

43 

2 

15 

2 

15 

2 

0.2 

1 

30 

3 

0 

3 

30 

3 

0.2 

4 

30 

4 

45 

5 

0 

4 

0,2 

1 

0 

1 

SO 

1 

30 

5 

0.2 

3 

0 

4 

0 

9 

0 

Q 

\0.2 

1 

10 

1 

20 

3 



)0.4 

0 

50 

1 

20 

3 

20 

7 

0.25 

3 

0 (50aV)3 

SO 

5 

30 

8 

0.25 

1 

20 

1 

20 

1 

30 

9 

(0.25 

7 

so 

8 

00 

11 

00 

?0.5 

1 

10 

5 
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00 

10 

0.25 
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3 

00 

4 

00 

11 
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1 

40 

2 

0 

2 

40 

12 
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0 

30 

1 

SO 
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0 

13 

0.3 
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0 

4 

30 

4 

15 
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so 

0 

45 
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00 

3 

20 

3 

40 
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1 

30 

2 

30 
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0 

17 
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1 

0 

2 

00 

3 

30 

18 

0.35 

2 

30 

3 

30 

4 

30 

19 

0.5 

0 

45 

1 

15 

4 

0 

20 
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0 

45 

3 

0 

8 

0 

21 
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1 

so 

2 

00 

3 

00 

22 
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..t 

0 

45 
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00 


* The arbitrary criterion of response used in this table, and 
in table 2, is the first appearance after the beginning of the 
Iniection of three consecutive waves each of which is above 
25 microvolts. 

t Xot measurable because of muscle movement. 


In fig. 4, the normal base line record is shown 
first, and the second tracing is that taken one 
minute after the beginning of the injection, i. e,. 


* Not measurable because of muscle movement. 
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Fig. 4. — Progression of the effects of sodium pentothal 
in various cortical regions. 


12. Derbyshire, A. I.; Rempel, B. ; Forbes, A., and 
Lambert, E. F. : Effect of Anesthetics on Action Poten- 
tials in Cerebral Cortex of the Cat, Am. J. Physiol. 
116:577-596, 1936. 

13. Hoagland, H. ; Himwich, H. E. ; Campbell, E. ; 
Fazekas, J. F., and Hadidian, Z. : Effects of Hypogly- 
cemia and Pentobarbital Sodium on Electrical Activity 
of Cerebral Cortex and Hypothalamus (Dogs), J. 
Neurophysiol. 2:276-288, 1939. 


minutes after the beginning of the injection, that 
is, when 0.3 Gm. had been administered, did the 
change appear in the occipital leads. This striking 
progression of the effect from the frontal lobes 
through the parietal to the occipital region was 
observed in every subject to whom these bar- 
biturates were given. 
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Moreover, when the patient was allowed to 
re(^ver from the effect of the drug, the regression 
of the effect was in the opposite direction, i. e,, 
the occipital region recovered first, followed by 
the parietal areas, whereas in the frontal lobes the 
effect lingered for a long time. 
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40 MINUTES AFTER 80 MINUTES AFTER 
INJECTION BEGINS INJECTION BEGINS 

Fig. 5. — Stages in recovery from the effect of intra- 
venous injection of 0,5 Gm. of sodium pentothal. 

In the subject whose record is shown in figure 
5, the occipital regions were free of high voltage 
fast activity within twelve minutes of the injec- 
tion, but it took eighty minutes to clear the 
frontal lobes. 


In this graph the time relations are plotted for 
the development of each of three steps in the 
rise in voltage. The moment, timed from the 
beginning of the injection, at which the voltage 
first reaches 25 microvolts is plotted, and tiien the 
times for 50 and 75 microvolts respectively. In 
charting the progress of recovery, the last 
moment at which voltages as high as 75 micro- 
volts were recorded is plotted ; then the drop from 
50 microvolts and, finally, the drop from 25 
microvolts. For the subject whose record is 
shown in this figure, the only region of the cortex 
to reach voltages as high as 75 microvolts was 
the frontal, and forty minutes later the tracing 
from the frontal lead had not returned completely 
to the base line wave pattern. 

The same effect was observed with the intra- 
venous administration of sodium amytal, as can 
be seen in figure 7. Although with this drug 
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Fig- 7.— Progression and regression of high voltage 
fast activity in different regions of the cortex after 
intravenous injection of 7.5 grains (0.45 Gm.) of sodium 
amytal. 
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Fig. 6. — Progression and regression of high voltage 
fast activity in different regions of the cortex after 
intravenous injection of 0.5 Gm. of sodium pentothal. 

Jn figure 6 this progression and regression of 
effect has been charted, and from this graph 
one other observation can be made. The change 
in the electroencephalogram from the frontal 
lobes not only precedes that from the other 
regions of the cortex but is of greater magnitude. 


the change in the electroencephalogram lasted 
rather longer, the preponderance of the effect on 
the frontal lobes is again evident. 

It thus appears that these barbiturates— sodi- 
um amytal and sodium pentothal — ^have an effect 
on the electroencephalogram which is most pro- 
nounced in the regions of the cortex which are 
of most recent ontogenetic and phylogenetic 
development. Salmon showed that pentobarbi- 
tal has less narcotic effect on young animals in 
which the cortical layers are not yet fully devel- 
oped than on adult animals. The progression 
from one region of the cortex to another is too 
slow to be explained by differences in cerebral 
circulation. 

Three patients were given sodium amytal by 
mouth in doses of 9 grains (0.585 Gm ) • the 
electroencephalogram of 1 patient showed no 
effect; the s econd patient went to sleep and his 


FTU ^ on tne Orrowth Rate 

of^ Thyro-Parathyroidectomy in Newborn Rats Enrfn 
cnnology 23:446-457, 1938. 
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electroencephalogram showed normal sleep waves 
but no other effects; the thirci patient’s record 
showed all the effects observed with intravenous 
injection, but with a longer latent period from the 
time the drug was taken. High voltage fast 
activity appeared first in the frontal leads twenty- 
two minutes after the capsules were taken and 
reached the occipital areas in thirty-one minutes. 
This effect was maximal in one hour and forty- 
six minutes, after which delta waves appeared. 
There are obviously wide individual differences 
in reaction to the drug. At the height of the 
action of the drug, in the doses indicated, its 
effect is preponderant, and even though the pa- 
tient is unconscious, the electroencephalographic 
record may show only high voltage fast activity. 
At a later stage, when the patient goes to sleep 
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Fig. 8. — Sleep and arousal under medication with 
sodium pentothal. 


under the influence of one of these drugs, the 
electroencephalogram may change from the ab- 
normal pattern characteristic of administration 
of barbiturates to a normal sleep pattern (fig. 8). 
At this depth of sleep there is no difference 
between the electroencephalogram taken with 
the patient under the influence of the drug and 
that which is taken during normal sleep. But 
when the patient is roused from this drugged 
sleep, the electroencephalogram does not return 
to its normal pattern but shows the high voltage 
fast activity typical of the drug. 

COMMENT 

In the introduction to this paper the reasons 
for the design of these experiments were outlined, 
the essential purpose being, as stated in the final 


paragraph, to use the electroencephalogram in 
elucidation of the action of barbiturates on the 
respiration and on the membrane permeability of 
the cortical cells. 

The results obtained show that the barbi- 
turates — sodium amytal, sodium pentothal and 
sodium pentobarbital — influence profoundly the 
frequency and voltage of brain potentials in the 
intact human subject. Barbiturates are known to 
inhibit the activity of the dehydrogenase systems 
of cellular respiration, and changes in cellular 
respiration are believed to modify the frequencies 
of brain waves. Other agents which impede the 
processes of cellular respiration are known to 
slow the frequency of brain potentials (e. g., low 
blood sugar,^® low ox3'’gen tension,®® cretinism ®'), 
whereas agents which stimulate metabolism ac- 
celerate the rhythm (thyroxin,®® diathermy,®'’ 
dinitrophenol ®®). These barbiturates — depres- 
sors of activity of the central nervous system — 
slow the electric potentials of the brain to delta 
activity (3 to 4 per second) when given in such a 
way as to produce a high concentration in the 

15. Hoagland, H. ; Rubin, M. A., and Cameron, 

D. E. ; The Electroencephalogram of Schizophrenics 
During Insulin Hypoglycemia and Recovery, Am. J- 
Physiol. 120:559-570, 1937. Brazier, M. A. B.; Fine- 
singer, J. E., and Schwab, R. S. : Characteristics of 
the Normal Electroencephalogram: II. The Effect of 
Varying Blood Sugar Levels on the Occipital Cortical 
Potentials in Adults During Quiet Breathing, J. Clin. 
Investigation 23:313-317, 1944. Himwich, H. E., and 
others ; Clinical, Electroencephalographic, and Bio- 
chemical Changes During Insulin Hypoglycemia, Proc. 
Soc. Exper. Biol. & Med. 40:401-402, 1939. Davis, 
P. A.; Effect on the Electroencephalogram of Altera- 
tions of Blood Sugar Level, Am. J. Physiol. 133:259- 
260, 1941. Gellhorn, E., and Kessler, M. : The Effect 
of Hypoglycemia on the Electroencephalogram at Vary- 
ing Degrees of Oxygenation of the Blood, ibid. 136; 
1-6, 1942. 

16. Gibbs, F. A.; Williams, D., and Gibbs, E. L. ; 
Modification of the Cortical Frequency Spectrum by 
Changes in CO-, Blood Sugar and Os, J. Neurophysiol. 
3:49-58, 1940. Davis, P. A.; Davis, H., and Thompson, 
J. W. : Progressive Changes in the Human Electro- 
encephalogram Under Low Oxygen Tension, Am. J- 
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brain, but tlie initial, and more striking, effect is 
the breaking of high voltage fast acti\-ity into 
tlie record, not as an acceleration of the original 
frequency, but as a new rh}ilim already estab- 
lished at a frequency higher than 20 cycles per 
second. In otlier words, tliere is no gradation 
tlirough the intennediate frequencies bet^veen 
die normal alpha rate and the ultimate fast 
actirdt}*. 

Tliis suggests tliat two effects may be taking 
place: if one is interference witli tlie dehydro- 
genase si’stems, the other may be a change in 
permeability- of the cell membrane. 

The cortical cells are separated from each otlier 
and from the substrate-bearing blood supply by 
semipermeable membranes ; it is at these surface 
interfaces that the enzynie mechanisms previously 
outlined operate — it is here that the dehydro- 
genase becomes “activated,"' i. e., clianges its 
electronic structure in such a way tliat electrons 
become ai-ailable for the oxidation of die sub- 
strate. In fact, diis transfer of electrons is the 
fundamental mechanism, which in popular speecli 
is called the “liberation of energy-.” It is actually 
die transfer of electrons by steps, from die sys- 
tem of more negative potential to die system of 
more positive potential until finally molecular 
oxygen is reached.-^ 

\\dien die metabolic oxidations in the brain 
are regarded from this basic electronic i-iew- 
point, the importance of die characteristics of 
the surface interfaces becomes obi-ious. 

It has long been known diat narcotics decrease 
the permeability- of cell membranes; Lillie,-^ in 
1912. concluded that they- caused an alteration in 
the surface membrane, and hence in die intra- 
cellular respiration, since reactions inside the 
cell are governed by- die surface conditions. This 
conclusion has since been amply confirmed by- 
Gellhom and Weidling,-- by- Winterstein and 
others. 

Not only does the change in total permeability 
of the cell affect the internal cliemical processes, 
but die changes in differential permeability are 
also influential. For example, a relatively greater 
increase in permeability- for lactic acid ntith a 
relatively- smaller increase in permeability for 

20. Barron. E. S. G. : ^lechanisms of Carbohydrate 
Metabolism, in Nord. F. F., and Werkman. C. H. ; 
Ad\-ances in En 2 ymolog}-, New York, Interscience Pub- 
lishers. Inc.. 1943. Yol. 3. pp. 149-189. 

21. Lillie. R. S.: Antagonism Between Salts and 
Anesthetics. Am. J. Physiol. 29:372-397, 1911-1912. 

22. Gellhorn. E., and Weidling, K. : Beitrage zur 
allgemeinen Zellphvsiologie, Arch. f. d. ges. Phv=:iol 
210:492-513, 1925. 

23. Winterstein, H.: Die Narkose. Berlin, Julius 
Springer. 1926. 


ox^-gen would result in an incre'ase in the ratio 
of glycolysis to total oxidation in a cell.-- 

No change in cell permeability'" of this mag- 
nitude is likely- vdthout a resultant effect on 
the electroencephalogram, since however de- 
pendent die frequency’" of brain waves may'" be 
on cliemical velocity’^ widiin die cells, the ultimate 
rate of oscillation will also be governed by the 
impedance characteristics of die cell membrane. 

It is likely that there may'" be two effects at 
work — one, the depressant effect of barbiturates 
on the dehy-drogenase mechanisms, and the 
other, their effect on the dielectric of the cell 
membrane. 

Elucidation of the relative importance of these 
two factors might be obtained from experiments 
designed to by-pass in some way- one of these 
effects. Sucli a series of experiments, based on 
the substitution for dextrose of a substrate the 
dehydrogenase sy-stem of which is not vulnerable 
to barbiturate poisoning, is now in operation. A 
suitable substrate is available in the form of 
succinic acid ; tiiis acid, too, has its specific 
dehydrogenase, but its activity^ is not inhibited by’" 
narcotics. 

It is reasonable to speculate diat if the fre-- 
quencies of brain potentials were dependent 
solely- on intracellular respiration, it should be 
possible to maintain the rate of oscillation of 
these waves at the normal level in spite of the 
presence of barbiturates provided die cells were 
supplied with sufficient substrate in the form of 
succinate. If die resistance and capacity^ of the 
dielectric composing the cell wall were the pre- 
ponderant factor in narcosis, it would be im- 
probable that die frequencies of brain waves 
could be maintained at normal rates even by 
substrates im-ulnerable to barbiturates.-® This 

24. Rashevsk\% N., and Landahl, H. D. : Permeabilitj- 
of Cells: Its Nature and Measurement from tlie Point 
of View of Mathematical Biophysics, in Cold Spring 
Harbor Sjunposia on Quantitative Biology’-, Cold Spring 
Harbor, L. I., New York, The Biological Laboratory, 
1940, vol. S, pp. 9-16. 

25. In discussing our results. Hoagland (in a personal 
communication) suggested an alternative possibility to 
account for the appearance of high voltage fast rhythms 
despite probable over-all slowing of cortical respiration. 
He suggested that the fast rhythms may be due to the 
accumulation in the cells of lactate, since the barbiturates 
block its oxidation. Such an accumulation would raise 
tlie internal additj- of the cells. He expressed the 
opinion tliat the relation between cell respiration and 
frequency' of brain wave rhjihms is normally medi- 
ated by production of carbon dioxide, and he pointed 
out that the internal ps of the cortical cells may deter- 
mine their frequency of discharge, as it may in the 
respirator}- center. Accumulation of lactic acid result- 
ing from block-age of oxidation of lactate might lower 
the intracellular ps and raise the frequency of the dis- 
charge. 
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problem is the subject of an investigation at 
present being carried out. 

SUMMARY 

In this study the electroencephalogram has 
been used in an attempt to elucidate the mechan- 
ics of cortical cell respiration in vivo. 

One of the barbiturates — sodium amytal (in 
twenty experiments), sodium pentothal (in fifty 
experiments) and sodium pentobarbital (in two 
experiments) — was given intravenousl}' to 32 
patients. 

For every subject to whom the barbiturate 
was given the electroencephalogram showed the 
development of high voltage fast activity. 

In the patients who received larger doses per 
kilogram of body weight a second effect devel- 
oped ; this consisted of slow delta waves (3 to 4 
per second). 


In every subject the high voltage fast activit}- 
appeared first in the frontal leads, then in tlie 
parietal leads and finally in the occipital leads, 
and it disappeared in the reverse order. In other 
words, the regions of the cortex which are the 
most recent in phylogenetic development are 
'most vulnerable to the action of barbiturates, 
as evidenced by tire electroencephalogram. 

In the first few minutes of injection, at the 
stage of maximal action of the drug, the patient 
may be unconscious without the appearance of 
any of the brain waves typical of sleep. At a 
later stage the patient may sleep deeply under 
the influence of the drug, at which time the 
electroencephalogram ma}’- show typical waves 
for normal sleep, but on the patient’s arousal it 
will revert to the high voltage fast activity 
specific for the barbiturate. 



ENCEPHALITIS ASSOCIATED WITH HERPES ZOSTER 

REPORT OF A CASE 

SIGMUND KRUMHOLZ, M.D., anb JOSEPH' A. LUHAN, M.D. 

CHICAGO 


This case is reported because the literature 
contains few records of cases of encephalitis com- 
plicating herpes zoster in which the brain was 
examined histologically after death. 

REPORT OF CASE 

History. — I^Irs. L. V., a housewife aged 58, white, w'as 
seen by one of us (S. K.) in consultation on April 6, 
1942, because she had become restless, noisy and irra- 
tional. She had been in relatively good healtli except 
for occasional headaches and backache, for which she 
was taking acetjd salicylic acid. On March 7 neuralgic 
pain developed in tiie left side of the face and neck. 
Two days later examination by the family physician 
revealed a herpetic rash over the lower part of tlie face, 
the neck and the upper part of the shoulder and chest 
on the left side. The patient had a slight fever (tem- 
perature 99.5 to 100.0 F.) for several days. The vesicles 
disappeared in about fourteen days, but the pain per- 
sisted. On April 4 she complained of restlessness and 
insomnia. The next day she became irrational and noisy. 
On that day Dr. Maurice Oppenheim, a dermatologist, 
was called in consultation and concurred in the diag- 
nosis of herpes zoster, expressing the conviction that the 
patient now presented a cerebral ailment. Nothing in 
the history relative to previous diseases and habits had 
any apparent bearing on the present illness. 

Physical Examination. — ^Examination on April 6 by 
one of us (S. K.) revealed that the patient was well 
preserved. She was lying in bed and presented marked 
clouding of consciousness, accompanied by extreme rest- 
lessness. She did not respond to psychic stimuli, such 
as requests to protrude the tongue; she moaned, tossed 
about on the bed incessantly and reached out with her 
arms aimlessly into space. She w'as obviously out of 
contact with her environment but was not somnolent. 
There was pigmentation of the skin, involving the left 
side of the neck, the shoulder and the uppermost part 
of the chest, as w'ell as the submental region and the 
lower portion of the face adjacent to the ear, an area 
representing the second, third and fourth cervdeal derma- 
tomes. The rectal temperature on the morning of 
examination was 104.6 F.; the pulse w'as regular, with 
a rate of 120, and the respiratory rate was 34 per 
minute. The cardiac outline v/as within normal limits, 
and the heart presented no adventitious sounds. Except 
for bronchial rales the lungs were normal. The ab- 
domen was not tender. The spleen and liver w’ere not 
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palpable. The blood pressure was 125 systolic and 80 
diastolic. 

Neurologic Examination. — ^The pupils were stfiall and 
equal and reacted to light The patient could not co- 
operate in tests of ocular motion, but no strabismus or 
nystagmus was observed. The corneal reflex was present 
on both sides. There tvas no facial paralysis, nor w'as 
there any masking or rigidity of facial e.xpression or 
rigidity of tlie trunk and extremities, such as one sees 
in paralysis agitans. It w'as impossible to determine 
whether the patient had any weakness of tlie soft palate 
or of the swallowing musculature. The tongue lay in 
the midline. The fundi could not be seen. There was 
no discernible paralysis of the extremities or detectable 
muscle spasm on passive movements. The biceps and 
triceps reflexes were graded 2 plus; tlie patellar and 
achilles jerks were diminished. No pathologic reflexes 
were noted. There was withdrawal of the extremities 
and face to painful stimuli. Deep pressure on the calves 
of the legs produced ivithdrawal of the lower extremi- 
ties. There was no significant nuchal rigidity. Kemig 
and Brudzinski signs were absent. 

Laboratory Data. — ^The white blood cells on April 6 
numbered 8,200 per cubic millimeter, of which 70 per 
cent were neutrophils, 29 per cent lymphocytes and 
1 per cent large mononuclears. The erythrocyte count 
was 4,500,000 per cubic millimeter, and the hemoglobin 
concentration was 88 per cent (Tallqvist). A catheter- 
ized specimen of urine obtained on that day revealed 
no albumin or sugar, but the sediment contained a small 
number of granular casts and pus cells. Culture of a 
specimen of blood taken the same day revealed no 
growth when examined on April 13. The Kahn reac- 
tion of the blood was negative. The nonprotein nitrogen 
was 38.4 "mg. per hundred cubic centimeters. 

Spinal puncture performed later in the day revealed a 
cell count of 40 per cubic millimeter, of which 80 per 
cent were lymphocj'tes and 20 per cent polymorpho- 
nuclear leukocytes. The Pandy reaction of the spinal 
fluid was 1 plus; the Lange curve, 1110000000, and the 
dextrose content. 111 mg. per hundred cubic centimeters. 
(On the previous day the patient had received 1,500 cc. 
of a 5 per cent solution of dextrose, given intravenously.) 
The Wassermann reaction with 1 cc. of spinal fluid was 
negative. 

Diagnosis. — It was the impression of the examiner 
that the patient had nonsuppurative encephalitis, although 
the possibility of a toxic psychosis was to be considered. 
In view of the relative absence of objective neurologic 
signs of a cerebral lesion, the iagnosis of en- 
cephalitis was reluctantly made. However, the acute 
nature of the disease, with high temperature, the pres- 
ence of 40 cells per cubic millimeter in the spinal fluid 
at the receding stage of the herpes zoster, the absence 
of signs of infectious disease of the visceral organs and 
the lack of evidence incriminating any metabolic or 
exogenous toxic agent made the diagnosis of encepha- 

59 



60 


ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


litis plausible. It is well known that neither encephalitis 
nor toxic encephalopathy produce a uniform clinical 
picture; the former, especially in the early stage, may 
show no objective focal neurologic signs, and the latter 
may at the onset present focal signs of cerebral disease. 

Further Clinical Course . — ^The patient continued to be 
noisj' and restless and moaned almost incessantly. On 
April 8, 9 and 10 she had periods of loud screaming. 
Involuntar 5 ' urination occurred on April 9 and continued 
until her death. The nurses’ records show that from 
time to time she was able to swallow sips of water and 
small quantities of liquid food. On April 6 sulfadiazine 
therapy was begun, which was discontinued on April 9, 
when the level of the drug in the blood was reported 


lung ; (4) fatty changes in the liver ; (S) arteriosclerotic 
cysts of the kidneys; (6) fibrous adhesions of both 
pleural cavities, and (7) nodular goiter. 

The fresh brain weighed 1,150 Gm. The leptomeninges 
were notably injected. The convolutions appeared some- 
what flattened, and the leptomeninges were less trans- 
parent than normal. The lateral ventricles were of 
average width, and their lining was smooth. 

We regret that the spinal cord, the ganglia of the 
posterior spinal roots and the gasserian ganglia were 
not obtained. 

Microscopic Examination . — Examination of numerous 
sections from many blocks from all lobes of the brain, 



to be 3.1 mg. per hundred cubic centimeters. The rectal 
temperature remained in the vicinity of 102 F., rising 
above 104 F. two days before she died and reaching an 
agonal value of 108.6 F. The respiratory rate stayed 
rather constantly at about 30 per minute except on the 
last three days of her illness, when it rose to and 
remained over 40 to 50 per minute, the curve reflect- 
ing perhaps the development of bronchopneumonia. The 
patient died on April 15. 

Gross Pathologic Study . — Necropsy was performed 
nine hours after death by Dr. Benjamin Neiman, who' 
made the following anatomic diagnosis on the basis of 
the macroscopic observations: (1) fibrinous pericardo- 
sis ; (2) pronounced parenchjmiatous degeneration of the 
myocardium; (3) bronchopneumonia involving the right 


the subcortical white matter, the basal ganglia and the 
hypothalamus, stained with cresyl violet and with hema- 
toxylin and eosin and by Weil’s method for myelin 
sheaths, revealed no significant perivascular infiltrations 
in the meninges or the brain tissue and no demyelination. 
There were moderate edema and hyperemia of the lepto- 
meninges of the convexities (fig. 1) . Over the prefrontal 
convexities there was proliferation of arachnoid cells in 
the edematous meninges; small numbers of scavenger 
cells containing blood pigment were present, and depo- 
sition of hemosiderin within the cells of the first two 
cortical layers had occurred. There were conspicuous 
shrinkage spaces about the cortical ganglion cells, and 
in most of the cortical sections the larger ganglion cells 
showed powdery dissolution of Nissl substance and a 
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picture resembling that of ‘acute ganglion cell disease 
(fig. 2). In some cortical areas, especially the parietal, 
there was slight glial hyperplasia, especially of the 
satellite cells. Throughout the cortical sections the capil- 
lary bed was conspicuous, often with swelling of the 
endothelium. The white matter underlying the ependy- 
mal surfaces of the ventricles was distinctly hydropic. 
The basal ganglia and the hypothalamu.s revealed no 
signs of a proliferative type of encephalitis. 

Similarly, the midbrain, the pons (including the enter- 
ing fifth nerve trunk) and the cerebellum were free 
from any infiltrative changes. 


lay adjacent to the olive. These tissue foci (fip. 
5 and 6) revealed conspicuous glial proliferation, with 
the development of predominantly microglial forms, as 
.‘-hown by their polyblastic and rod-shaped nuclear 
structure. Occasional lymphocytes adjacent to capil- 
laries were seen in these foci. The capillary endothelium 
showed conspicuous swelling and proliferation, so that 
it was sometimes difficult to distinguish microglial rods 
from capillary endothelium. The ganglion cells in these 
foci appeared swollen, sometimes with eccentric nuclei; 
and a minority of these cells had undergone neuron- 
ophagia. The dcmyelinatcd foci, which were most- 



Fig. 2. — Section of right parietal cortex, revealing picture of “acute ganglion cell disease” in the larger pyram- 
idal cells, slight glial hyperplasia and prominent capillaries. Cresyl violet stain. 


The medulla oblongata, however, presented unmis- 
takable evidence of mild encephalitis, • or meningo- 
encephalitis, most pronounced at the midoHvary level. 
There were occasional perivascular infiltrations in the 
leptomeninges and loose small round cell infiltrations, 
the latter occurring near the ventromedian surface of 
the medulla. The neural parenchyma contained in- 
frequent round cell infiltrations within the adventitial 
(perivascular) spaces (figs. 3 and 4), near the olives, 
in the lateral reticular formation and the restiform 
bodies; in the caudal portion of the medulla these 
infiltrations were limited to the region of the cuneate 
fasciculus of one side. Scattered minute foci were 
noted on the other side, where small demyelinated areas 


pronounced near the olive on ope side (figs. 7 and 8) 
appeared to merge gradually with the normal white 
matter and actually consisted of areas in which nerve 
fibers had been destroyed; the. cresyl violet stain re- 
vealed a dearth of nuclei, capillary swelling and slight 
marginal proliferation of glia. • Lower in the medulla a 
minute focus of demyelination was seen near the cuneate 
fasciculus on one side, with compound granular 
corpuscles between the degenerating myelin fibers. 

COMMENT 

The pathologic evidence in this case unde- 
niably establishes the presence of relatively mild 
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nonpurulent encephalitis of the medulla oblongata 
but fails to demonstrate an infiltrative type of 
inflammatory reaction in the brain above the 
medulla. The histologic changes in the cerebral 
cortex are like those observed in many instances 
of toxic psychosis or toxic encephalopathy, es- 
sentially edematous changes which do not seem 
adequately to reflect the violence of the clinical 
picture. The question arises whether the ana- 
tomically demonstrable mild encephalitis and the 
clinical picture of a toxic psychosis, with its 
minimal histologic substratum, were indeed pro- 
duced by one causative agent, namely, the virus 


It is most reasonable to assume that the in- 
flammatory reaction within the medulla oblon- 
gata was indicative of the presence therein of 
the virus of herpes zoster (after its intraneural 
dissemination rostrad from the ganglionitis of 
the upper cervical ganglia and the posterior polio- 
myelitis). It is plausible, furthermore, that in 
this apparently allergic patient the toxin of the 
virus of herpes zoster was the etiologic factor 
in the toxic psychosis or toxic encephalopathy. 
In this general connection, Finley,’^ in a study 
of the problem of pathogenesis of encephalitis 
occurring with vaccination, smallpox and mea- 



Fig. 3. — Low power view of the medulla, region of the lateral cuneate nucleus, showing perivascular infil- 
trations. Cresyl violet stain. 


of herpes zoster. It might well be argued that 
the encephalitis of the medulla oblongata was 
the consequence of an upward extension of the 
zosteric inflammatory process beyond its tradi- 
tional confines of the cervical dorsal root ganglia, 
and perhaps the ipsilateral regional posterior 
gray matter of the cord, and that, independent 
of the zona, the patient had a toxic psychosis, 
perhaps the result of pneumonia. However, the 
terminal pneumonia was not clinically demon- 
strable until a few days before the patent’s death, 
and no other source of toxemia was revealed 
clinically or at necropsy. The fibrinous peri- 
cardosis was considered a terminal development. 


sles, showed evidence in support of the belief 
that these encephalitides are allergic responses 
of the central nervous system to the virus of 
the exanthems. In our case the very mildness 
and the general histopathologic appearance of the 
changes in the medulla oblongata suggest that 
the process here was regressing. This is in 
accord with the interpretation that the encepha- 
litis of the medulla antedated the cortical en- 
cephalopathia, the latter being an allergic com- 
plication of the former. 

1. Finley,^ K. H. : Pathogenesis of Encephalitis 
Occurring with Vaccination, Variola and Measles, Arch. 
Neurol. & Psychiat. 39:1047 (May) 1938. 




63 


krumholz-luhan-encephalitis and herpes zoster 


Cases of encephalitis of presumed zosteric 
origin ^vith histopathologic studies of the brain 
arc rare. The best hnown cases ai e those of 
Thalhimer" and Biggart and Fisher In both 
these cases there was relatively little infiltrative 
inflammatory reaction in the cerebral cortex, and 
cerebral symptoms developed more than a month 
after onset of the herpes. In our case the mental 
symptoms appeared in the course of the i eceding 


a week later. Necropsy revealed prominent perivascular 
areas of infiltration in the cord, with a decreasing degree 
of involvement through the medulla and pons, occasional 
foci of infiltration in the basal ganglia and none in the 
cortex. 

Biggart and Fisher ^ described the case of a man 
aged 63 who five weeks before had an attack of herpes 
zoster involving the right buttock and thigh ; the patient 
was drowsy and delirious on admission to the hospital 
and died on the fifth day. Necropsy disclosed peri- 
vascular infiltrations in the posterior portion of many 


Fig. 4. — Perivascular infiltration in the caudal portion of the medulla near one cuneate fasciculus, 
violet stain. 


Cresyl 



stage of the herpes zoster, about one month after 
its onset. 

Thalhimer’s ^ case was that of a woman aged 72 
who became weak and drowsy six weeks after onset of 
herpes zoster over the right side of the neck and died 


2. ^Thalhimer, W. : Herpes Zoster; Central Nervous 
System Lesions Similar to Those of Epidemic 
(Lethargic) Encephalitis; Report of a Case, Arch. 
Neurol. & Psychiat. 12:73 (July) 1924. 

3. Biggart, J. H., and Fisher, J. A.: Meningo- 
Encephalitis Complicating Herpes Zoster, Lancet 2: 
944, 1938. 


segments of the cord and the lumbar dorsal root ganglia ; 
there was slight involvement of the brain stem, the 
cerebellar nuclei, the thalamus, the hypothalamus and 
the parietal cortex. Yet the cortex in the main 
presented only chromatolysis. 

A less convincing case of encephalitis of presumed 
herpetic origin was reported by Anderson and Wulff ^ ; 
in a woman aged 80, two or three weeks after the 
appearance of herpes zoster of the left arm, there 
developed paresis -of the left arm, anesthesia over the 
left side of the face, difficulty in swallowing and 


4. Anderson, M. S., and Wulff, F. ; Meningitis 
serosa und Encephalitis bei Zoster, Acta psychiat et 
neurol. 8:213, 1933. 
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speech disturbance, with an atypical Babinski sign on 
both sides. She died of bronchopneumonia three and a 
half months after the appearance of the herpes. Nec- 
ropsy revealed no proliferative inflammatory foci in 
the brain, although sporadic lymphocytic infiltrations 
rvere seen about the pial vessels of the anterior median 
fissure and around capillaries of the nerve roots. 

Bellavitis ® reported the case of a psychotic patient 
aged 53 who had been alcoholic and in whom cutaneous 
herpes zoster had suddenly developed in the distribution 


in the medulla and the pons. The posterior horn cells 
in the cervical part of the cord appeared diseased. 

Roger, Poursines and Paillas *= reported a case of 
poliomesencephalomyclitis marked clinically by multiple 
palsies in the distribution of the cranial nerves, which 
developed after herpes zoster of the external ear. Tiie 
patient died of failure of medullary function ten months 
after the onset of the illness. Necropsy revealed 
inflammation of the posterior gray matter of the first 
cervical segment and small lesions with telangiectatic 



Fig. 5. — ^Tissue focus, showing glial and capillary hyperplasia and destruction of ganglion cells in the lateral 
cuneate nucleus of the medulla. Cresyl violet stain. 


of the second to the fourth cervical segments on the 
left side. Eight days later palsy of peripheral type 
appeared on the same side of the face, and a few days 
later hemiparesis developed on the left side. Necropsy 
revealed cirrhosis of the liver and congestion of the 
central nervous system, particularly the cervical pos- 
terior root ganglia on the left side, klicroscopic 
study revealed hyperemia, hemorrhage, perivascular 
lymphocytic infiltration and neuroglial proliferation, 
especially in the cerweal portion of the cord, and also 

5. Bellavitis, A.; Nevrassite da hcipes-zoster Con- 
tribute clinico-anatomico, Riv. di neurol. 4:337, 1931. 


prolifeiation in the white matter of the medulla and 
pons. 

Schiff and Brain ~ reported a fatal case of acute 
meningoencephalitis associated with herpes zoster in 
which necropsy was not done. In a man aged 67 there 
developed herpes zoster, the cutaneous lesion affecting 


6 Roger, H. ; Poursines, Y., and Paillas, J. ; Origiiie 
zosterienne probable d’une poliomesencephalo-myelite 
siibaigue. Rev. d’oto-neuro-opht. 16:176, 1938. 

7. Schiff, C. I., and Brain, W. R. : Acute Meningo- 
Encephalitis Associated with Herpes Zoster: A Fatal 
Case, Lancet 2:70, 1930. 




KRUMHOLZ-LUHAN— ENCEPHALITIS AND HERPES ZOSTER 


65 


the right side of the lower jaw and the upper half of the Castel ^ reported the case of a man aged 42 who had 
neck and the occipital region on the same side. About herpes zoster, with an eruption over the second to the 
a week later he became drowsy and confused and mani- fourth cervical dermatomic area on the right side, 
fested bilateral ptosis and slight weakness of the lower Lumbar puncture revealed 28 lymphocytes per cubic 
right side of the face and of the right arm. The deep millimeter of spinal fluid. About twenty-three days 
reflexes were absent; the plantar responses were normal, after onset of the herpes there developed peripheral 
Examination of the spinal fluid revealed 120 mono- palsy of the right side of the face, which gradually 

nuclears per cubic millimeter. The patient became cleared up. However, about forty days after the 

comatose, the temperature remaining below 99.4 F., appearance of the herpes, crises of dysesthesia, provoked 
and died of bronchopneumonia twenty-one days after by sliglit contact, occurred on the right side, and 
the onset of the preemptive neuralgic pain. Two or c.xamination revealed loss of position sense in the right 
three days before the patient’s death his son, aged 32, extremities and stereoanesthesia of the right hand. A 

became ill with chickenpox. The spinal fluid of the month later paresis of the right upper extremity asso- 

patient with herpes zoster gave a positive reaction in cialcd with hyperflexia was noted. At the last examina- 



Fig. 6.— Tissue focus, marked particularly by glial hyperplasia, in the inferior olivary nucleus with adiacent 
perivascular infiltration. Cresyl violet stain. ’ ^ 


a complement fixation test when used as an antigen 
against the serum of patients convalescing from the 
disease. 

Andre-Thomas and Buvat^ described the case of a 
woman aged 58 who had been psychotic for several 
weeks, whereupon there developed herpes zoster of the 
trunk. With the appearance of the herpes the patient 
soon became comatose, showed rigidity of the neck 
(w'ithout, however, pleocytosis of the spinal fluid) and 
died at the end of the eighth day. Necropsy was not 
performed. The authors raised the question whether 
encephalitis may complicate herpes zoster. 

8. Andre-Thomas and Buvat, J. B.; Existe-t-il une 
encephalite zonateuse? Herpes zoster a foyers multiples 
(mort au huitieme jour), Paris med. 1:600, 1931. 


tion, three months 'later, the subjective sensory dis- 
turbances and the astereognosis of the right hand (with 
preservation of ordinary tactile, topognostic and 
vibratory sensibility) were still present. In spite of 
lack of anatomic verification, the author expressed the 
belief that the clinical signs were indicative of a lesion 
of the thalamus of zosteric origin. 

Certain similar features of the present case 
and of 6 cases reported in the literature in 


^ j.. oui uu nouveau cas d'attemte du 

nevraxe dans le zona, Thesis, Lyon, Bose freres, 1935 

Anderson and 

ln?Buva^?^^^^^'^ Brain.’ Andre-Thomas 
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Fig. 7. — Low power view of the medulla oblongata, showing foci of destruction of mj'elinated fibers adjacent 
to one inferior olivary nucleus. Weil stain. 



Fig. S. — Small area of destruction of myelinated fibers adjacent to the inferior olive in the medulla. Weil stain, 
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which data are available are ol interest. The 
dermatomic level of the cutaneous eruption was 
apparently cervical except in 1 case, that of 
Biggart and Fisher,^ in which it was sacral. The 
interval between the onset of clinical herpes 
zoster and the symptoms of encephalitis was from 
four to six weeks in 3 cases in which the clinical 
manifestations were generalized (drowsiness, 
delirium or irrationality) and about one to three 
weeks in 4 cases in which the onset was with 
\ focal signs, such as facial palsy. 

tlerpes zoster has been noted to occur in the 
course of other neurotropic diseases. Thus, Net- 
tcr found that when herpes zoster and lethargic 
encephalitis occurred in the same patient, the 
zoster usualty followed the encephalitis. In 
3 of the cases reported by Netter some relation 
between herpes zoster and chickenpox was indi- 
cated because the latter disease developed in 
persons in contact with the patients. 

The much discussed problem of the relation 
between herpes zoster and chickenpox is of some 
importance in this condition. Encephalitis fol- 
lowing chickenpox is well known (van Bogaert,’- 
Zimmerman and Yannet but is marked by 
perivascular infiltration and demyelination, espe- 
cially in the cerebral and cerebellar white matter, 
without significant involvement of the brain stem 
or the cord. 

SUMMARY 

The amount of literature on encephalitis of 
presumed zosteric origin is meager but is suf- 
ficient to indicate that this complication may 
occur. The overflow of the herpetic inflamma- 
tory process to the efferent side of the neuraxis 
with facial palsy or myelitis has been well an- 

il. Netter, A. ; Seize observations dc zonas dans 
I’encephalite lethargique, Bull, et mem. Soc. med. d. 
hop. de Paris 54:793, 1930. 

12. van Bogaert, L. : Contribution clinique et anato- 
mique a I'etude des manifestations neurologiques et 
psychiatriques de I’infection varicelleuse, J. de neurol. 
et de psychiat. 30:623 (Oct.) 1930. 

13. Zimmerman, H. M._, and Yannet, H.; Non- 
suppurative Encephalomyelitis Accompanying Chicken- 
pox, Arch. Neurol. & Psychiat. 26:322 (Aug.) 1931. 


thenticated clinically. Meningitis as a compli- 
cation of herpes zoster has also been clinically 
established. Until further cases have been care- 
fully studied and reported, knowledge of encepha- 
litis as a complication of herpes zoster must 
remain unclear. In previous cases in which 
necropsy was done the cerebrum, in contradis- 
tinction to the brain stem, was mildly involved 
by demonstrable infiltrative changes. In the 
present case there were no infiltrative changes 
in the neuraxis above the medulla oblongata, 
and it is suggested that the toxic encephalopathy 
affecting the brain proper ma}' have been an 
allergic response to the virus of herpes zoster. 

SB East Wasliington Street. 

59 East J^fadison .Street. 


CORRECTION 

In the article by R. B. Aird and L. 'Strait entitled 
“Protective Barriers of tiie Central Nervous System,” 
on page 54 of the January 1944 issue of the Archives, 
figure 3, page 62, is not the illustration intended for 
that place. The correct graph is presented herewith. 
The legend for the figure as given in the original article 
i.s correct. 
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CHRONIC CHLOROFORM POISONING 

CLINICAL AND PATHOLOGIC REPORT OF A CASE 
GERT HEILBRUNN, M.D.; ERICH LIEBERT, M.D., and PAUL SZANTO, M.D. 

CHICAGO 


Motivated by interest in a case of prolonged 
addiction to chloroform falling under our obser- 
vation, an investigation of the relative frequency 
of this aberration disclosed only 29 authentic 
cases in the literature appearing after the dis- 
covery of this drug, in 1830, and its subsequent 
introduction into medical science. 

Twenty-four cases were reported before 1900 ; 
only 5 cases have since been recorded.’^ In the 
majority of the accounts neurologic data were 
not included, the statements being limited to the 
cause of the addiction and the amount and mode 
of consumption. Of the authors, only Fried- 
lander,^'^ Rehm and Storath ^ offered a resume 
of neurologic observations, in addition to some- 
what more specific data pertaining to the physi- 
cal status of their patients. Pathologic reports 
were not included in any of the records. 

The use of chloroform in general was initially 
actuated by a painful minor disorder, such as 
toothache, neuralgia, dysmenorrhea, rheuma- 
tism or headache. In several cases the ailment 
persisted, and with it the use of the drug; in 
other cases resort to chloroform was continued 
although the original cause had long since dis- 
appeared. Without exception, the drug was con- 
sumed by inhalation, and only rarely by supple- 
mentary oral administration. Its use varied from 
three days to forty years, and the amount, from 
a few drops to 1,000 cc., taken within twenty- 
four hours.- Two cases reported by Svetlin 
(table) could not be tabulated as instances of 
chronic addiction to the drug, for the limited 
periods of consumption of three and thirteen 
days respectively did not represent gross use. 

From the Chicago State Hospital, the Elgin State 
Hospital and the University of Illinois College of 
Aledicine, Department of Psychiatry. 

1. (a) Friedlander, J. ; Habitual Chloroform Abuse, 

Deutsche med. Wchnschr. 33:1494, 1907. (b) Rehm, P. : 
Chloroform, Berl. klin. Wchnschr. 22:317, 1885. 

(c) Schoenfeld, A. : About Chloroform Mania, Med. 
Klin. 28:1272, 1932. id) Toebben, H.: Chloroform 
Addiction in Connection with Other Morbid Desires, 
Deutsche Ztsclir. f. d. ges. gerichtl. Med. 12:285, 1928. 
(c) Clark, J. E. : A New Habit, M. Rec. 27:452, 1885. 
(/) Storatli : Habitual Chloroform Abuse, Deutsche 
med. Wchnschr. 36:1362, 1910. 

2. Meggendorfer, F. : Psychoses Due to Intoxica- 
tions, in Bumke, O.: Handbuch der Geisteskrankheitcn, 
Berlin, Julius Springer, 1928, vol. 7, pt. 3, p. 292. 


The consequences of abuse of chloroform 
varied from a completely negligible effect to 
“wrecking of the physical and mental energy of 
the patient”; on a lesser scale, the effect was 
described as irritability and a propensity toward 
moods of depression and anxiety. Delusions, 
hallucinations and delirious conditions were ob- 
served, as well as emaciation, paresthesias and 
tremor of the hands (table). It was uniformly 
emphasized, particularly in the more detailed re- 
ports, that withdrawal symptoms were not en- 
countered. The authors invariably stressed the 
short duration within which withdrawal and 
“cure” could be effected but added that the pa- 
tients had frequent relapses into the old habit. 

REPORT OF CASE 

History . — A white man aged 33, a bookkeeper, with 
a creditable work record, had been addicted to the use 
of chloroform for twelve years. He was described by 
his mother as considerate, with an even, tranquil dis- 
position. Throughout the four years of high school 
he had maintained excellent grades. 

The addiction began twelve years prior to his hos- 
pitalization, in 1940, when, at the age of 21, he had a 
rheumatic attack and was advised by a pharmacist to in- 
hale chloroform for alleviation of the pain. Within three 
months the pain had abated, but the patient continued 
to take the drug each night in 1 ounce (29.5 cc.) doses 
for seven years and in 2 ounce (60 cc.) doses during the 
five j'ears preceding hospitalization. In August 1939, 
at the close of ten years of addiction, the patient grew 
restless and worrisome and became easily excitable. He 
asserted that he slept with difficulty. 

“To play a prank on a friend,” he turned in a false 
fire alarm and was arrested. After a ten day stay in 
an institution, he abstained from chloroform for five 
months. It was learned that on his resuming the habit 
he frequently fell wherever he might be, lapsing into 
hea\’y slumber. He falsely asseverated at this time 
that he maintained twelve men under his industrial 
supervision and fictitiously asserted that a former friend, 
Dr. X, often called on him. He became depressed and 
wept freely, rejected food and grew increasingly care- 
less of his appearance. 

The patient abruptly abandoned the use of chloroform 
on Dec. 19, 1940 and had a convulsion three days later. 
At this juncture he was rehospitalized. Pronounced 
ataxia of his extremities and dysarthria then developed, 
manifestations which, according to the history and the 
patient’s statement, had not been observed at any 
previous period. On December 28 he was transferred 
to the Elgin State Hospital. There, during the first 
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few days, he conversed witli imaginary persons aiid 
expressed the erroneous belief that his mother was in 
an adjoining room talking with strangers— an hal- 
lucinatory episode which cleared witliin ninety-six hours. 
Thereafter the patient remained in a friendly and 
cooperative mood, witli commendable insight into his 
situation. For the remainder of the period of hos- 
pitalization overt psychotic symptoms were not 
discerned. 

The vocabulary intelligence quotient on the Wechsler- 
Bellevue scale was 103; the Babcock efficiency index 
was determined to be — 1. 

On being interrogated as to his addiction, he answered 
that neither lustful sensations nor agreeable fantasies 


sensibilities were intact. There was severe dysarthria, 
together with pronounced ataxic gait, coarse intention 
tremor of the tongue and fingers and manifest adiadoko- 
kinesis of the tongue and extremities. Romberg’s sign 
was elicited with the patient’s eyes open or closed. No 
hypotonia was present. Nystagmus and past pointing 
were elicited on rotation. Laboratory tests did not 
reveal anything pathologic. The spinal fluid was 
normal. A diagnosis of addiction to chloroform, with 
involvement of the cerebellar system and acute hal- 
lucinosis, was made. 

In the next six weeks, under a dietary regimen of 
rich calories and vitamins, all neurologic symptoms 
appreciablj’" diminished. 


Data on Reported Cases of 




Xo. of 

Daily .4.mount of 

Duration of 

.\utlior 

Year 

Oases 

Gbloroform 

Addiction 

Vigla 1“ 

1SG7 

1 

30 Gm. 



ISfiT 

1 





1 



Leudet 

1S74 

1 

150 cc. 

10 yr. 

Merie 

1S75 

1 

Every 5 days 





1 lb. (373 Gm.) 


Svetl'm 

18S2 

1 


3 days 



1 


13 days 

Watkins i'' 

1SS4 

1 

45 Gm. 

15 yr. 

Rehm 

ISSo 

1 

Large amounts, 

Years 




sometimes 100 





cc. in 24 hr. 




1 


30 yr. 

Schuele 

ISSo 

1 

“Increasing 

Many 




amounts” 

years 

Browning i*' 

18S5 

1 


Over 1 yr. 



1 


5yr. 



1 


3 yr. 



1 


8-10 yr. 



2 


Years 

Clark 1’’ 

1SS5 

1 

VePt. 

Syr. 



1 

(236 cc.) 




3 



Connor 

18S5 

1 


2 yr. 

Komfeld-Bikeles 

1S93 

1 

15 to 20 Gm. 

2yr. 

Lewin 

1897 

1 


40 yr. 

Ic .... 

190i 

1 



Friedlander 

1907 

1 

20 di^ops 

14 yr. 

Storath ^ f 

1910 

1 

50 Gm. 

15 yr. 

Toebben 

1928 

1 

20 Gm. several 

3 mo. 




times a wk. 


Schoenfeld 

1932 

1 

100 Gm. 

15 yr. 


* These cases do not represent chronic addiction to the drug. 


were associated with the use of chloroform and said 
that he indulged in the habit merely to insure a sound 
night’s sleep. 

Physical Examination . — The patient was slender and 
of small stature. His height was 5 feet 4 inches 
(162.5 cm.), and his weight 101 pounds (45.8 Kg.) 
(average weight, 125 pounds [56.7 Kg.]). The liver 
and spleen were without appreciable deviation from 
the normal. A loud, ringing apical first tone was 
observed. The blood pressure was 120 mm. of mercury 
systolic and 80 mm. diastolic; the pulse rate was 96 
per minute. 

Neurologic Examination . — Only the most significant 
findings will be noted. The pupils reacted to light and 
in accommodation. There was no nystagmus. The 
deep reflexes were normal. The abdominal and 
cremasteric reflexes were present. Cutaneous and deep 


Chronic Chloroform Poisoning 


Psychiatric Symptoms 

“Impaired moral disposition" 
“Attacks of melancholia; ideas 
of persecution” 

“Periodic mania" 

Neurologic Symptoms 

“Peculiar psychic behavior” 

Paraplegia, which disap- 
peared after a few months 

“Auditory, visual and sensory 
hallucinations” 

Tremor; insomnia 

“Hallucinations” 

“Slowing of intellect; slight de- 
pression; weakness of memory” 

“Good memory and intellect, but 
severe delirla; suspiciousness” 
“Deliria; ideas of persecution; 

violence; irritability” 

“Mental and physical wreck” 

Tremor (delirium tremens) 

“Body and mental faculties 
affected” 

Tremor 

“Depressed mood” 

“Change of personality and 
temporary deliria” 

Headaches; tremor of 
hands; narrow pupils; no 
reactions to light 

“Depression” 

Left hemiplegia after 9 yr. 
of addiction, at age of 60; 
right hemiplegia 5 yr. later 

“Stilted, manneristic behavior; 

Rheumatic pain; slight 

superior intelligence” 

“Psychopathic personality: ad- 
dicted to alcohol, cocaine, 
eucaine and procaine” 

“Quiet, calm, social” 

tremor of hands; no 
ataxia 


On March 2, 1941 diphtheria developed, with a 
temperature of 105.4 F. Forty thousand units of 
diphtheria antitoxin U. S. P. was immediately injected, 
and the patient’s condition improved the next day. On 
that day 20,000 additional units was administered. In 
the afternoon the temperature rose^again, from an early 
reading of 103 C., and, notwithstanding the admin- 
istration of an additional 40,000 units, the patient died, 
on March 5. 

Autopsy.— Autopsy, performed two hours after the 
patient died, disclosed severe toxic myocarditis as the 
immediate cause of death. Arteriosclerotic changes, 
either in the aorta or in the coronary vessels, were not 
noted. The liver was slightly larger than normal and 
weighed 1,515 Gm. Its firmness was moderately decreased, 
and the architecture of the cut surface was obscured. 
The spleen showed changes characteristic of sepsis. 
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Fig 1 — Sections of the putamen, showing inunerical reduction and shrinkage of the large ganglion cells 
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Fig- 2. — Dentate nucleus, showing numerical reduction of ganglion cells, acellular areas and shrinkage and 
hadow cell formation. 
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Microscopic Examhiaiion. — Liver; There was mod- 
erate increase of the periportal connective tissue, with 
round cell infiltration. The liver cells showed cloudy 
swelling, due to the acute infectious disease. 

Brain: On removal of the biain, a negligible amount 
of clear cerebrospinal fluid escaped from the sub- 
aiachnoid space. The meninges were smooth and 
glistening. The biain, wdiich was of normal size, 
weighed 1,265 Gm. No evidence of localized atrophy 
or arteriosclerosis was observed ; the basilar at tcries 
were without essential change. 

Coronal section immediately anterior to the temporal 
poles failed to reveal basic changes. Before the brain 
was fi.xed entire in a 10 per cent concentration of 
solution of formaldehyde U. S. P. several blocks w'crc 
selected for frozen sections and Cajal preparations. 


nation of the remaining cortical areas yielded similar 
results. 

The large cells in the putamen (fig. 1) had under- 
gone numerical reduction. In many of these cells the 
nucleus w’as eccentrically located, with yellowish pig- 
ment of varying amount. The small ganglion cells 
w’erc w’ithout patliologic involvement. The astroglia 
cells around the blood vessels were not increased. The 
oligodendroglia cells, w'hich w'ere slightly swollen, 
were moderately increased in number. 

In the cerebellum, the most conspicuous changes were 
demonstrable in the dentate nucleus (fig. 2), with the 
cells show'ing moderate degenerative changes, manifested 
by .shrinkage and poor staining quality and by reduction 
of their number in some fields. In certain areas the 
Purkinje cell count w'as diminished, and the number of 



Fig. o.— Cerebellum, showdng numerical i eduction of the Purkinje cells and ’moderate gliosis of the molecular 
la\ er. 


Sections were taken for microscopic study from the 
\arious cortical areas, the basal ganglia, the cerebellum 
and the brain stem and stained w ith sudan IV and wdth 
the Nissl, Weil and Cajal methods. Additional Biel- 
schowsky preparations w’ere obtained from the cerebellar 
sections. 

The trontal lobes presented slightly thickened 
meninges, with large numbers of fibroblasts and dilated 
blood vessels. The endothelial cells of the meningeal 
\essels W'ere normal. In the perivascular spaces of the 
arterioles a few lymphocytes w'ere seen in scattered 
fields, and the veins w'ere moderately dilated. The 
ai chitectonics of the frontal lobe was not disturbed. 
The large pyramidal cells in the third layer w'ere 
essentially normal, e.xcept for a small number in w'hich 
the nucleus w'as eccentrically located. In summary, a 
definite pathologic picture was not maintained. Exarai- 


glia cells in the molecular layer (fig. 3) w'as increased. 
Generally, how'cver, the Purkinje and basket cells were 
w'ell preserved. Bielschowsky preparations revealed 
that the fibers of the basket cells surrounding the 
Purkinje cells w'ere unimpaired The brachia con- 
junctiva remained well myelinated. 

Sudan IV stains disclosed accumulation of fat in the 
protoplasm of certain cells of the inferior olivary 
nucleus, the presence of which did not necessarilv 
indicate pathologic change. The vessels and cells of 
the red nucleus appeared normal. 

COMMENT 

A man aged 33, who had inhaled 1 to 2 ounces 
of chloroform daily for twelve years, experienced 
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a fleeting psychotic episode, requiring a ten day 
period of hospitalization, after approximately 
ten years of addiction. In the eleventh year of 
his addiction he began to have frequent delu- 
sional ideas and auditory hallucinations. A con- 
vulsion in the twelfth year of the habit precipi- 
tated the final hospitalization, when the patient 
came under our observation. He was in an acute 
hallucinatory and delusional state, which cleared 
within four days, and he remained without overt 
psychotic symptoms for the rest of the period of 
hospitalization. Such manifestations .as pro- 
nounced dysarthria, severe ataxia, dysdiadokoki- 
nesis and action tremor suggested disturbance of 
the cerebellar system. These symptoms, with 
dietary control, yielded striking improvement 
within a few weeks. He died of diphtheria. 

Histologic examination of the brain revealed 
moderate changes in the putamen, characterized 
by the presence of yellow pigment (lipofuscin) in 
the large ganglion cells, which were numerically 
reduced. Similar changes were described by 
Carmichael and Stern ® in the cortical ganglion 
cells in cases of chronic alcoholism. In certain 
areas of the cerebellum tlie Purkinje cells and 
the ganglion cells of the dentate nucleus showed 
moderate numerical decrease, with shrinkage and 
poor staining quality distinctly betraying the 
chronic character of these alterations. Of im- 
portance, however, was the absence of edema of 
the brain and petechial hemorrhages in the 
white matter — morphologic criteria for the effect 
of diphtheria toxin, according to Hall.^ The ab- 

3. Carmichael, E. A., and Stern, R, J. ; Korsakoff’s 
Syndrome: Its Histopathology, Brain 54:189, 1931. 


sence of these changes affords grounds for dis- 
missal of diphtheria as the cause of thfe visible 
damage to the brain. 

The moderate pathologic changes in the puta- 
men and the cerebellum do not assuredly con- 
stitute the morphologic foundation of the neuro- 
logic manifestations observed during the initial 
phase of the clinical period of observation. The 
subsidence of these neurologic symptoms appears 
to be commensurate with the paucity of histo- 
pathologic signs. From Bumke’s ® notation of 
“shrinkage and severe changes in the ganglion 
cells of a diffuse type throughout the central 
nervous system” in cases of death due to acute 
chloroform poisoning, an observation in contrast 
to the alterations in our case, it may be surmised 
that the histologic changes, despite the long dura- 
tion of the addiction were reversible, analogous 
to lesions associated with chronic alcoholism or 
habitual barbiturate poisoning. 

SUMMARY 

A man with addiction to chloroform of twelve 
years’ duration presented acute neurologic 
symptoms suggesting cerebellar involvement. 
After a diphtheritic infection, of which he died, 
microscopic examination of the brain disclosed 
unspecific moderate degenerative changes of the 
ganglion cells in the putamen and the cerebellum. 

6500 Irving Park Road. 

4. Hall, W. E. B. : Diphtheria and Acute Toxic 
Encephalitis, with Report of Case, Canad. M. A. J. 
26:566, 1932. 

5. Bumke, O. : The Anatomy of the Psychoses, in 
Handbuch der Geisteskrankheiten, Berlin, Julius 
Springer, 1928, vol. 11, pt. 3. 



Obituaries 


GRAEME J^IONROE HAMMOND. M.D. 

1858-1944 


The passing of Graeme Moni'oe Hammond in 
his eighty-sixth year signalizes an event in the 
history of neurology and psychiatry in New 
York, since there is now only one left of that 
generation who represented this district among 
the leaders of American neurology and psychiatry. 

The last male of three generations of phy- 
sicians, as well as the son of one of the pioneers 
in the field of neurolog}^ young Graeme had an 
eager, acquisitive mind. He had the prescience 
to fortify himself with a scientific background by 
first studying in the old Columbia School of 
Mines, class of 1878, after which he turned to 
medicine and graduated from New York Uni- 
versity Medical College in 1881. He must have 
felt an inclination toward neurology, for shortly 
thereafter he became a member of the American 
Neurological Association, which he served faith- 
fully and ably as secretary-treasurer for many 
years and as president in 1898. Medicolegal 
practice interested the young neurologist to such 
an extent that he studied at the New York Law 
School, graduating with the degree of Bachelor 
of Laws in 1897. 

In 1908 Dr. Hammond became a fellow of 
the American Psychiatric Association ah^ showed 
by his discussions at the meetings of the associa- 
tion a keen interest in psychiatry. He also par- 
ticipated actively in the meetings of the New 
York Psychiatric Society, of which he had been 
a member for many years. 

He was a good teacher, possessing the knack 
of presenting his subject in a way that held the 
attention of his students. He had the chair of 
neurology and psychiatry at the New York Post- 
Graduate Medical School from 1896 to 1920. 


He was public spirited and responded to every 
demand made on his time. In the first world 
war he promptly joined the Army and did ex- 
cellent work in examining volunteers. Later he 
headed the neuropsychiatric elimination board 
at one of the nearby training camps. Because of 
his declining strength, he had gradually with- 
drawn from all activities during the past few 
years. However, when volunteers for medical 
control seiwices in air raid precautions were 
asked for, he was one of the first to answer the 
call, and well I remember him at a meeting in 
the Seventh Regiment Armor}’’, ready to do his 
bit if called on. 

Dr. Hammond was a firm believer in the prin- 
ciple that a healthy body makes a sound mind. 
He always kept himself in good physical condi- 
tion by some form of exercise. He was for many 
years the captain of the fencing team of the New 
York Athletic Club, and every morning early he 
could be seen running a mile or so before break- 
fast. I believe he continued this practice until 
his eightieth year. 

For some time we have missed his kindly, 
genial personality at meetings. He always brought 
a practical, sound, common sense point of view to 
whatever subject he was discussing and was al- 
ways courteous but firm in maintaining the posi- 
tion he had taken. I doubt if he ever lost his 
temper during a discussion, and he was never 
known to be aggressively sarcastic or vitupera- 
tive, although there was often a strongly humor- 
ous quality to his remarks which thoroughly 
deflated the bombastic claims 6f other speakers. 

His kindly spirit and undaunted courage will 
always be fresh in the recollections of those who 
knew him. 

Edwin G. Zabriskie. 
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Abstracts from Current Literature 

Edited by Dr. Bernard J. Alpers 


Physiology and Biochemistry 

The Distribution of Cholinesterase in the Bovine 
Retina. C. B. Anfinsen, J. Biol. Cliem. 152:267. 
1944. 

By emploj'ment of single horizontal sections of the 
retina both for quantitative histologic anal 3 'sis and for 
chemical study, it has been possible to determine the 
localization of the enzyme cholinesterase in the laj’ers 
of this organ. The results indicate a predominantlj^ 
synaptic localization of cholinesterase. This provides 
direct support for the current theorj’- of chemical me- 
diation of the nerve impulse. The usefulness of the 
retina as a test organ for the study of the general 
physiology of otherwise inaccessible components of the 
central nervous sj^stem is pointed out. 

Page, Cleveland. 

Temperature Effects on Reflexes of Isolated 
Spinal Cord: Heat Paralysis and Cold Paral- 
ysis. M. O. DE Almeida, J. Neurophj'siol. 6:225 
(July) 1943. 

De Almeida, in a study of the effects of variations 
in temperature on spinal reflexes in isolated prepara- 
tions of the spinal cord of American and Brazilian 
frogs, found that the time of resistance of the reflexes 
formed curves with a maximum corresponding to a 
mean temperature. The position and value of this 
maximum depended on the climatic conditions to which 
the animal was accustomed. Between temperatures of 
14 and 29 C. reflex exhaustion was permanent. Beyond 
this range, paralysis was produced by heat and cold. 
These types of paralysis were not due to impairment 
of conduction but resulted from paralysis of nerve 
centers bj^ metabolic products which were ineffective 
at mean temperatures. Philadelphia. 

Electroencephalogram of Decorticate Monkeys. 
^Margaret A. Kenn.\rd, J. Neurophysiol. 6:233 
(July) 1943. 

Kennard studied the electroencephalogram of mon- 
keys, obtaining electrical potentials from the cortex 
and the subcortical nuclei in decorticate and hemide- 
corticate preparatioiis. The patterns for the cortex, 
the basal ganglia, the thalamus and the hypotlialamus 
were characteristic for each area. However, each 
cellular complex influenced tlie other complexes. The 
electroencephalogram from the basal ganglia in a 
hemidecorticate preparation showed low voltage, 8 per 
second activity; only when the entire cerebral cortex 
was removed did spontaneous bursts of high voltage 
activitj^ appear. The thalamic pattern presented, like that 
of the corte.x, a component of medium rate, and occa- 
sionally records from the thalamus and the postcentral 
corte.x were synchronous. Thalamic lesions altered 
tlie cortical pattern, especially in the postcentral areas. 
While the hypothalamus presented little activity, its 
ablation notably altered the cortical electroencephalo- 


gram. Partial ablation of the thalamus or the hypo- | 
thalamus temporarily altered the cortical electroen- 
cephalogram. but only when both the thalamus and 
the hvDothalamus had been ablated were the cortical 
potentials abolished. For.ster, Philadelphia. ' 

Spontaneous Electrical Activity of the Thala- 
mus AND Other Forebrain Structures. R. S. 
^Morrison. K. H. Finley and Gladys N. Lothrop, • 

J. Neurophysiol. 6:243 (Jub') 1943. 

Morrison. Finle}^ and Lothrop studied the sponta- 
neous activity of areas of tlie forebrain in cats. Sponta- 
neous bursts of 5 to 10 per second waves similar to 
potentials seen in the cortex were obtained from various 
areas of the thalamus. These areas were chiefly those 
associated with the internal medullar}’^ lamina. Activity 
of this tj^pe was not observed in the relay nuclei. The 
authors conclude that areas of the thalamus have a 
tendency to produce spontaneous rhythmic bursts but 
that these areas may be under the control of a master 
area associated especially with the internal medullary 
lamina. Characteristic spontaneous activity was also 
recorded from other subcortical regions. 

Forster, Philadelphia. 

Note on the Organization of the Tactile Sen- 
sory Area of the Cerebral Corte.x of the 
Chimpanzee. Clinton N. Woolsey, Wade H. 
Marshall and Philip Bard, J. Neurophysiol. 6: 
287 (July) 1943. 

Woolsey, Marshall and Bard studied the tactile sen- 
sory area of the anesthetized chimpanzee. Cortical 
responses, induced by mechanical movements of hair 
over various parts of the body, were amplified electri- 
cally and visualized by the cathode ray tube. The 
authors found that the tactile sensory area of the chim- 
panzee was organized in the same way as that of the 
monkey. All segments of the spinal cord below the 
eighth cervical were projected to the cortex in their 
spinal sequence, whereas the cervical segments were 
reversed eii bloc. Thus, in the cortical sequence there 
are two areas of segmental discontinuity, one at the 
trigeminal-cervical boundary and the other at the 
cervical -thoracic boundary. These regions coincide 
with the boundary lines separating Dusser de Barenne’s 
face, arm and leg areas. 

Forster, Philadelphia. 

The Relation of Area 13 on Orbital Surfaces of 
Frontal Lobes to Hyperactivity and Hyper- 
phagia in Monkeys. Theodore C. Ruch and 
Henry A. Shenkin, J. Neurophysiol. 6:349 (Sept.- 
Nov.) 1943. 

Ruch and Shenkin studied the effects of ablation of 
area 13 of the orbital surface of the frontal lobes in 
5 ^lacaca mulatta monkeys. Hyperactivity appeared 
as early as the first postoperative day and increased 
to a maximum in the third or fourth week. After 
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this period a decrease in activity was usually encoun- 
tered. but in no instance did tire animal return to its 
preoperative state. Striking behavior deficits were 
apparent at least in the first postoperative week and 
consisted in a reduction of emotional expression, with 
absence of tire startle reaction and a decreased fear 
reaction. The authors could not confirm the observa- 
tions of other investigators that distractibility occurs 
with lesions of this region. The hyperactivity was 
accompanied by only a slight increase in food intake 
and by loss of weight. Ablation of other areas (10. 
11 and 14) of the frontal lobe failed to produce the 
SA-mptoms resulting from ablations of area 13. 

Forster. Philadelphia. 

PsycliiatTy and Psychopathology 

The Psychoxecroses ix i\rn.iT.\RY Psychi.atry. 
T.\mes a. Brussei. and Haroi.u R. Wolpert, War 
isied. 2:139 (Feb.) 1943. 

Brussel and Wolpert review the case records of all 
psychoneurotic patients admitted to a large station hos- 
pital during the first nineteen months of its existence. 
The commonest psychoneuroses encountered were anx- 
ietA- states, conversion hysteria and reactive depres- 
sions. The rate of admission rose sharply after the 
Japanese attack on Pearl Harbor. Most of the pa- 
tients had a high school education or better. The 
patients complained most frequenth' of precordial pain. 
nerA-ousness. abdominal pain, “stomach trouble” and 
headache. The history seldom included a record of 
a previous admission to an institution, civil offenses, 
overt marital or other sexual maladjustment, suicidal 
thoughts or actions or fears. Patients Avith anxietA’ 
states and conversion hysteria often had a history of 
the death of some member of the family from a chronic 
incurable disease. Histories of psychoses, parental dis- 
cord. alcoholism and criminalitA* in the family Avere 
rare. 

The authors recommend that before a psychoneurotic 
soldier is discharged from the Army his relatives be 
informed as to the nature of his illness, the therapy 
required and Avhere and how it can be obtained. 

Pe.\rsox, Philadelphia. 

il.AjOR Studies ox F.atigue. R. R. S.aa’ers, War 
Med. 2:786 (Sept.) 1942. 

Sayers gives a comprehensive review of the causes 
and preA-ention of fatigue. Fatigue results in a decrease 
of Avorking capacity, a physiologic state im-olving 
changes in organic function, the formation of the chem- 
ical products of fatigue and a feeling of tiredness. It 
may be caused by physical OA'erAVork, but more com- 
monlj' it is produced by psychologic and en\'ironmental 
strains: Tavo tj-pes of fatigue are mentioned in the 
literature — one originates entirely in the central ner- 
vous system; tlie second develops partly in the central 
nervous system and partly in the active muscles. The 
former occurs commonly; the latter is infrequent. 

Phj'sical fatigue may be (1) temporarA', a feeling 
of tiredness Avhich passes after a short rest and per- 
mits the resumption of Avork Avithout decrease in effi- 
ciency; (2) subacute, Avhen the reserA-es of energA' are 
depleted, or (3) chronic, the final stage of overwork, 
A\hich ma}”- initiate a condition of ill health. 

In order to do the maximum amount of Avork Avith 
the minimum amount of effort, there must be com- 
plete coordination of the muscular movements Avith 
respiratory and circulatory actmties. If the respira- 


tory and circulatory responses arc exaggerated, there 
is a useless expenditure of energy. The energic use 
of muscles depends on the interrelation of three fac- 
tors: (1) changes in the skeletal muscles by Avhich 
cnergA' is transfomicd into muscular moA'ement; (2) 
adjustments elseAvhere in the body Avhich provide the 
muscles Avith oxygen and the required foodstuffs, and 
(3) the means by Avhich the tAVo previous factors are 
bound together. Sayers points out that there is a 
physiologic basis for fatigue. When a muscle is stimu- 
lated repeatedly, there is first a slight fall in the 
amount of the contraction, folloAved by a regular increase 
in its extent, Avhich is brought about by the action of 
the chemical substances produced bj* the contractile 
process. Finally the contractions diminish until the 
muscle ceases to respond at all. This is the state of 
fatigue of the muscle. Human muscle is 21 per cent 
efficient.. If the rest interA'al betAAeen contractions and 
the Aveight of the load are kept constant, the extent 
of the contractions decreases as fatigue sets in. If 
the interA'al betAveen contractions is long enough, fatigue 
is not apparent. After complete fatigue has occurred, 
a A'ery long rest is necessary for the muscle to recoA'er 
completely; if after comj)lete fatigue further efforts to 
contract the muscle are made, the length of the period 
of rest necessary to produce recoA-ery is much pro- 
longed. 

The capacity of the muscle to perform Avork is 
diminished by conditions Avhich depress the general 
nutrition: e. g., loss of sleep, hunger, anemia or mental 
actiA'it}’. When the circulation is improA'ed and the 
amount of food, particularly sugar, is increased, there 
is an increased capacity to do Avork. The total output 
of muscular force is greater Avith small than Avith 
large loads. Notable activity in one set of muscles 
diminishes the amount of AA-ork put out b}' other sets. 

The site of fatigue ma 3 ' be in the receptors, in the 
neuron cell bodies or in the muscle itself, in the region 
of the end plates and muscle fibers. Some authorities 
believe that the accumulation of lactic acid does not 
produce fatigue; thcA' regard tlie production of lactic 
acid as a phA^siologic process. In their opinion fatigue 
is due to lack of oxj'gen. 

Fatigue produces reduced efficiencA', increased ten- 
dencA- to accidents and ill health. A temporar 3 ^ ten- 
denej^ to tlie development of accidents may be the 
result of ’lack of skill or of fatigue. A permanent 
tendencA' to accidents occurs usually in neurotic or 
psA'chopathic persons. It is clear, hoAA'eA'er, that a 
reduction in the number of hours of AA'ork leads to 
a decrease in the rate and the total number of acci- 
dents. .A person should not be asked to Avork more 
than eight hours a day, or forty-eight hours per Aveek. 
Perhaps fortA' or fortA'-four hours per Aveek Avould be 
better. 

Amar has summarized the science of human labor 
in his four laiA's. 1. The expenditure of energy is in 
proportion to the effort of the muscular contraction, 
its duration and its degree. 2. The expenditure of 
energA- required to perform a given amount of work 
diminishes in proportion as the rapiditj' of the con- 
traction increases. 3. There are an optimum effort 
and speed for the performance of tlie maximum amount 
of AA'ork Avith the minimum amount of fatigue. 4. 
The speed Avith AA'hich the muscle returns to a condition 
of repose is in proportion to the rapidity ivith Avhich its 
AA'ork has been performed. 

M orking conditions should be arranged under the 
governance of these laws; i. e., the work should be 
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so organized that the minimum waste in effort and 
materials may be obtained. When such a program 
is combined with other health and safety programs, 
the number of accidents is decreased. If compulsory 
phj'sical training of the civilian population were in 
vogue, especially of young adults, there would be 
an increase in efficiency and a lessened number of 
accidents. Pearson, Philadelphia. 

Psychiatry in the Navy. Forrest M. Harrison. 
War Med. 3:113 (Feb.) 1943. 

This is an interesting survey of the psychiatric pro- 
gram in the medical department of the Navy. The 
incidence of mental disease is relatively low, while the 
invaliding rate is high. The psychoneuroses, of course, 
form the largest group of mental diseases. Hysterical 
paralyses are rare. Harrison describes the organiza- 
tion for the exclusion of the mentall}’’ unfit and points 
out that proper screening at the time of enlistment is 
doubly important because many psychoneurotic men try 
to enlist in the Navy, and are even sent by their 
physicians to enlist in order to obtain a cure for their 
neurosis. Careful exclusion of the mentally unfit is 
necessary, for the complex and demanding naval life 
tends to bring out inherent weaknesses in the personnel. 

Naval medical officers receive special instruction in 
psychiatry, and the Navy also has a definite program 
for the procurement of trained reserve psychiatrists 
and psychologists. Invaluable aid is rendered by the 
American Red Cross, which forms the psychiatric 
social service of the Navy. 

The psychiatric service is valuable also in classifying 
the enlisted and commissioned personnel according to 
mental characteristics and in relating special abilities 
to specific tasks, so that each man may be in the posi- 
tion of maximum usefulness. 

One of the most serious problems facing psychiatry 
in the Navy is the development, maintenance and im- 
provement of morale both in peace and in war. 

Pearson, Philadelphia. 

Peptic Ulcer at Fort George G. Meade, Maryland. 
Charles A. Flood, War Med. 3:160 (Feb.) 1943. 

On the basis of his experience with patients suffer- 
ing from peptic ulcer whom he saw at a station hos- 
pital during the past year. Flood evolved a plan of 
management for such patients in the Army. Most 
recent inductees respond poorly to treatment, both 
symptomatically and roentgenologically, while soldiers 
of the regular Army, with many years’ service, respond 
well because they are usually of stable personality. 
Delayed healing of the ulcer is due usually to an 

associated anxietv state. -m m j t i ■ 

Pearson, Philadelphia. 

Acute Emotional Disturbances in Torpedoed Sea- 
men OF THE Merchant Marine Who Are Con- 
tinuing AT Sea. Sydney Margolin, Lawrence 
E. Kubie, AIark Kanzer and Leo Stone, War 
Med. 3:393 (April) 1943. 

This report is based on the study at one or more 
interviews with 40 seamen who had been on torpedoed 
ships but who had volunteered to ship out again in 
spite of whatever inner turmoil they had suffered. It 
was possible to make some tentative statistical corre- 
lations between the severity of the reactions to the 
catastrophe and the evidence of previous mental illness, 


the age, years at sea, type of work, marital status 
racial and natural origin, degree of alcoholism, typi 
of ship and position of the sailor on ship at the timi 
of the catastrophe. The authors summarize theii 
results and draw the following conclusions: 

1. Severe persistent reactions offer, a poor outlool 
for ultimate recovery. 

2. Pathologic alcoholism or a history of a previous 
psychiatric illness predisposes to the occurrence of 
severe and incapacitating reactions. 

3. Severe reactions occurred with the highest degree 
of frequency among the Anglo-Saxon, Scandinavian and 
continental European members of the steward’s depart- 
ment and with lowest frequency among the Latin- 
Americans and Negroes of the same department. 

4. Persons in the age period of 45 to 60 seem to 
be especially susceptible to severe reactions. 

5. There was a suggestion that severe reactions are 
less common among married seamen. 

6. Severe reactions were surprisingly high among 
seamen from tankers. 

7. There was surprisingly little correlation between 
the position of the seaman on the ship at the time of 
attack or the severity of the experience as a wdiole 
and the severity of the after-effects. This suggests 
that variations in the external situation play a lesser 
role in determining severe reactions than do deep- 
seated endopsychic factors. 

The authors attempt to explain the difference in 
the severity of the reactions between the northern 
European races and the Latin-Americans and Negroes 
by pointing out that it is customary to force members 
of the two last-mentioned races into employment in 
the steward’s department ; therefore those employed 
there are a fair sampling of their races, -while it is 
so unusual for men of the northern European races 
to seek this type of work that those who do so par- 
ticipate because of some endogenous psychologic quirk. 

The authors were impressed by the following per- 
sonality traits of the group. The men tended to be 
small in stature, thin, wiry, gnarled and underfed. 
They were fairly consistently friendly and grateful for 
the interest shown in them. They were better read 
than most of a comparable group of working men. 
A majority had gone to sea early in life, and their 
motivation seemed to be a strong, inarticulate need 
to get away from home and the disciplined social 
authority and regimentation of life on land. This 
was so strong as to approach the status of a land 
phobia. More than half of the men were single, 
divorced or separated from their wives. Overtly, the 
majority were predominantly heterosexual, but the 
heterosexuality ranged from promiscuous relations with 
prostitutes to intense transient attachments to some 
kindly mother figure. 

There was a hungry quality to the yearnings ex- 
pressed which was often in poignant contrast to the 
history of rebellion against home and to the compul- 
sive pattern of runaway lives. 

Their political, social and economic attitudes were 
as divergent as could be found among any group of 
men. They were intent on service in the war effort 
and had a striking sense of loyalty to and pride in 
their union. Their independence and self sufficiency 
made them prickly toward the additional disciplinary 
and quasimilitary relations between the officers and 
men due to the exigencies of war. Tliey were acutely 
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sensitive to the manner o£ their reception in foreign 
ports. They resented the inattentiveness of the British, 
which they contrasted sharply with the friendliness 
with which they were received in Russian ports. ^ Bit- 
terness in any form was rare, and in general criticisms 
were elicited only after considerable questioning. 

Pearson, Philadelphia. 

J^IoRALE. Leonard R. Sillman, War Afed. 3:498 
(Afay) 1943. 

Sillman points out the need for the emotional con- 
ditioning of American soldiers for the battle situation. 
He believes that the soldier should be presented witli 
a clear decisive formulation of why he has been placed 
on the battlefield and why he must conquer 'or die. 
Such a formulation should be combined with a slogan. 
Everj’’ technic possible should be used to get him to 
embrace this formulation passionately. Of course, such 
measures will stir deep emotions of hate and revulsion 
against the enemy, but this is necessary to give the 
soldier the psychologic resources necessary for the 
successful prosecution of the most harrowing experi- 
ence of life, namely, war. Psychiatrists have found 
that soldiers who enter a campaign out of conviction 
suffer much less from war neurosis than those who 
do not. 

Sillman points out that the American war effort 
cannot afford to continue to ignore the knowledge 
which psychoanalysts and psychiatrists have about 
anxiety, panic, aggression, submission, death, fears, etc. 

Pearson, Philadelphia. 

Amblyopia in Hysteria. Vincent P. AIahoney and 
William O. Linhart, War Med. 3:503 (Afay) 
1943. 

Mahoney and Linhart studied 13 patients with hys- 
terical amblyopia, whose cases they classified under 
(1) the acute, (2) the chronic and (3) the mixed form. 
Psychobiologic studies revealed that they were consti- 
tutionally immature, emotionally defective, resigned to 
their fate and poor in intellectual endowment. The 
predominating symptom in this series was referable 
to the visual apparatus. With 1 exception, all the 
patients gave lifelong histories of poor vision, begin- 
ning in the first three grades of school. Perimetric 
examinations showed concentrically contracted visual 
fields in all cases. The authors conclude that men 
with this form of amblyopia should not be inducted. 
When they are discovered in the armed services, they 
should be referred to a psychiatrist for disposal. 

Pearson, Philadelphia. 

Treatment, jN'euro surgery 

Radiographic Control for Paravertebral Injection 
OF Alcohol in Angina Pectoris. James C. 
White and Robert W. Gentry, J. Neurosurg, 1 : 
40 (Jan.) 1944. 

The results of paravertebral infiltration of procaine 
and alcohol in the treatment of intractable angina pec- 
toris is satisfactory if the upper three or four thoracic 
ganglia and their rami are thoroughly impregnated. 
In 85 per cent of a series of 20 cases reported bj'’ 
White and Gentry good results were obtained by fol- 
lowing the indicated technic. The chief difficulty lies 
in the accurate insertion of the needles, especially in 
the upper two ganglia. This difficulty has been over- 
come by checking the position of the needles after they 


have been inserted, by means of a portable x-ray 
machine. Whiteley, Philadelphia. 

Cerebrospinal- Rhinorrhea: Surgical Repair. 

WTi.liam J. German, J. Neurosurg. 1:60 (Jan.) 1944. 

Cerebrospinal rhinorrhea is said to be a relatively 
common complication of craniocerebral injury in the 
frontal region. Spontaneous recovery may occur as 
late as eight weeks after the injury, and the condition _ 
may develop after an interval of several weeks. In 
cases of the chronic condition surgical repair is always 
advisable. 

German describes a rnethod of repair which has 
been employed successfully for the past five years. It 
utilizes a dural flap from the crista galli to cover the 
defect in the cribriform plate. The author reports 5 
cases in which this procedure was used with success. 
Medication with sulfonamide compounds is given for 
an appropriate period before and after operation. 
There were no recurrences of the rhinorrhea, and in 
only 1 ' case did meningitis (sterile), with mild fever 
and pleocytosis, develop. 

Whiteley, Philadelphia. 

The Chemotherapy of Intracranial Infections: 
IV. The Treatment of Pneumococcal AIenin- 
GiTis BY Intrathecal Administration of Peni- 
cillin. Cobb Pilcher and William F. Meacham, 
J. Neurosurg. 1:76 (Jan.) 1944. 

Afeningitis was produced in several groups of 10 to 
14 dogs each by injection of type I pneumococci into 
the cisterna magna. Half of each group of animals 
were treated with penicillin, and the remaining half 
were used as controls. A total of 96 experiments were 
performed. 

In the first series (48 experiments) 50 units of peni- 
cillin was injected intrathecally daily, witli slight, but 
definite, improvement as compared with the condition 
of the untreated controls. In the second series, of 
Uvo groups of 12 dogs each, doses of 100 and 200 units 
of penicillin respectively were injected intrathecally 
daily ; almost half the ' treated animals survived, and 
most of the deaths were due to lobar pneumonia. 
Because of the resulting pneumonia, a third series 
(24 dogs) were treated with the intrathecal injection 
of. 20p units of penicillin daily and the intravenous 
injection of 1,000 units three times daily; the results 
were even more favorable than those in the second 

Whiteley, Philadelphia. 

The Use of Products Prepared from Human Fibrin- 
ogen AND Human Thrombin in Neurosurgery. 
Frank D. Ingraham and Orville T. Bailey, J. 
Neurosurg. 1:123 (Jan.) 1944. 

Ingraham and Bailey discuss the progress made in 
solving two important neurosurgical problems: hemos- 
tasis _ and the prevention of meningocerebral adhesions. 
Fibrin foam has been developed as a hemostatic agent. 
It is a dull, porous material, slightly brittle, which 
m the dry state is composed of dense strands of fibrin 
fibers with air spaces, which may easily be seen with 
the naked eye. At the operating table the dry matrixes 
are soaked in a solution of human thrombin and are 
then applied to the bleeding surface. This application 
IS instantly effective in hemostasis, whether with simple 
surface bleeding or with bleeding from deep venous 
channels. The advantages of the procedure are chiefly 
two; first, the shortening of many neurosurgical pro- 
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cedures and, second, the facilitation of many opera- 
tions which had heretofore been impossible or too 
difficult because of profuse bleeding or diffuse distri- 
bution of the lesion. Histologic studies in human and 
animal experiments have proved that the foam is rap- 
idly absorbed, with minimal or negligible tissue reac- 
tion, even in conjunction with the employment of sulfa- 
diazine and penicillin. 

The authors discuss, also, the use of a substitute 
.for the normal human dura mater-fibrin film : This 
substitute is a strong, smooth, translucent, uniform, 
sheet with considerable elasticity. There are two prin- 
cipal uses for such a substitute : first, in the plastic 
repair of dura mater removed either by trauma or by 
operation and, second, in the prevention of meningo- 


cerebral adhesions, an important factor in post- 
traumatic convulsions. After animal experiments re- 
vealed the absence of tissue reaction, the absence of 
adhesions, the retention of the subdural space and the 
replacement of the film by a neomembrane of fibrous 
tissue, studies on human subjects were begun. Fibrin 
film has been removed at second operation or at autopsy 
at intervals varying from fourteen hours to eighty-one 
days; in no case was there any inflammatory reaction 
or evidence of adhesions. Concomitant use of sulfa- 
diazine and penicillin did not result in any change in 
tissue reactions. 


The authors conclude that, on the basis of present 
evidence, fibrin film is superior to other materials pre- 


viouslv tested. 


Whiteley, Philadelphia. 


Society Transactions 


NEW YORK ACADEMY OF MEDICINE, 
SECTION OF NEUROLOGY AND PSY- 
CHIATRY, AND NEW YORK NEU- 
ROLOGICAL SOCIETY 

Gerald R. Jameisok, CImnitaii, Section of 

Xciirology and Psychiatry, Presiding 
Joint Meeting, Feb. S, 1944 

Disturbances in Sleep Mechanism; A Clinico- 
pathologic Study. Dr. Charles Davison and 
Captain ED^VIN L. De Muth (by invitation). 

Disturbances of sleep, consisting of insomnia or hyper- 
somnia, may be divided into two main groups : disorders 
associated with lesions of the nervous system and psy- 
chogenic disorders. Attempts at correlation of this 
mechanism on a neuroanatomic and physiologic basis 
in man have led to various interpretations. The problem 
is beset with many difficulties because the lesions in 
many of our cases, and in cases reported by other 
authors, were neither isolated nor limited to specific 
areas in the nervous system. This is especially true of 
cases of somnolence associated with cerebrovascular 
and other diseases with bilateral or multiple lesions of 
the central nervous system. The localizing area respon- 
sible for this physiologic deviation may be determined 
with difficulty, even in cases of a single neoplastic lesion, 
because the growth may cause widespread disturbance 
in function through compression of other structures or 
•through interference with the cerebrospinal circulation. 
A careful evaluation, however, of the clinical symptoms 
and the location of the significant lesion may help in a 
reconstruction of the localizing area and the important 
centers and pathways responsible for hypersomnia or 
insomnia. 

As will be demonstrated, disturbances in sleep may 
occur with lesions at various levels in the nervous 
system, from the cortex to the medulla oblongata. There 
is experimental evidence indicating the possible location 
of these lesions in man. Although the hypothalamus 
seems to be the chief center controlling this function, it 
is well to remember that by means of its pathways the 
hypothalamus is in intimate connection with the cortex, 
the thalamus, the basal ganglia, the mesencephalon and 
the brain stem. A lesion in any of these centers or 
along their hypothalamic connections may account for 
the disturbance in the sleep mechanism. The disinte- 
gration of this mechanism may be caused by either 
destructive or irritative lesions or by psychogenic fac- 
tors. Psychologic disturbances most likely depend also 
on interference With the centers and pathways to be 
described. 

From the nosologic point of view, disturbances in 
sleep should include the various designations used, such 
as lethargy, somnolence, stupor, coma and unconscious 
states. Some observers have expressed the belief that 
these states are separate entities instead of various 
phases or stages of the same disturbance, regulated by 
the same centers and the same pathways. They have 
asserted that hypersomnia or somnolence should be 
differentiated from stupor, for the patient can be easily 
aroused from the former and when so aroused appears 
to be in complete possession of his senses. 


Approximately 300 cases of disturbances in sleep 
mechanism were studied clinically, and autopsy was 
performed in SO cases. In most of these cases the dis- 
turbance was the result of a neoplasm; in other cases 
a vascular or other disease of the nervous system was 
the causative factor. The cases, however, are described 
as far as possible in accordance wdth the location and 


the level of the lesion. 

Level of Lesion No. of Cases 

Cortical 8 

Corticodiencephalic 20 

Diencephalic (h 3 ’^pothalamus) 17 

Mesencephalic-metencephalic 5 


A number of cases of diffuse lesions in the cortex, 
diencephalon, mesencephalon and metencephalon are 
omitted from this presentation because they would be 
confusing from the point of view of localization. The 
case of a patient with narcolepsy in which electro- 
encephalographic studies were made illustrates the im- 
portance of the psychologic factors in the sleep 
mechanism. 

In every case reported observations were made during 
the period of sleep disturbance. A number of questions 
were asked and attempts made to arouse the patient, as 
indicated in the brief historj’- of each case. The few 
cases in which the patient was in deep coma and could 
not be aroused are not included in this presentation. 
As increased intracranial pressure, endocrine dis- 
turbances, ocular manifestations and other features have 
been claimed by some observers to play a role in sleep 
disturbances, special attention has been given these 
factors in the evaluation of their importance. 

Illustrative cases from each group are presented. 
From the analysis of our clinicopathologic material, the 
cases reported in tlie literature and the results of animal 
experimentation, it is possible to reconstruct in part 
the centers and their connections which regulate the 
sleep mechanism, despite the insufficient evidence for 
some of the hypothalamic pathways. A neuroanatomic 
and neurophysiologic review of the subject is presented. 

Although the evidence indicates that the hypothalamus 
is undoubtedly one of the chief centers for the control 
of sleep or wakefulness, other centers have to do with 
this mechanism. Our cases of diseases of the cortex 
and mesencephalon demonstrate that these structures 
must be in intimate connection with the hypothalamus 
and with other centers for the regulation of sleep. In- 
terruption of these pathways to and from the hypo- 
thalamus may lead to interference rvith the same 
mechanism. 

Narcolepsy as a Psychogenic Symptom. Dr. Leo 
A. Spiegel (by invitation) and Dr, C. P. Oberndorf. 

A housewife aged 50 had had attacks of uncontrollable 
sleep for two years. These attacks w^ere of variable 
duration; some lasted only a few minutes and others 
many hours. They rvere preceded by polydipsia and 
were frequently accompanied by cataplexy. At first a 
lesion affecting the hypothalamic area for sleep was 
considered, but psychiatric investigation revealed that 
the patient’s condition belonged to the group of hys- 
terical narcolepsies. The etiologic background for her 
symptoms was a complex, intrafamilial sexual relation- 
79 


80 


ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


ship, which began at tlie age of 6 years and was main- 
tained for forty years. Solel 3 ’^ by means of the cathartic 
procedure, as originally described by Freud, it became 
possible to rid the patient of her attacks of compulsive 
sleep, cataplexy and polydipsia. The disappearance of 
her narcoleptic attacks was followed by a profound 
sense of guilt, an occurrence suggesting that the func- 
tion of the attacks of sleep was to allay this sense of 
guilt. From the point of view of therapy it is sug- 
gested that in selected cases the simpler methods of the 
early days of psychoanalysis may be more fruitful than 
the complex methods of modern psychoanalysis. The 
induction of sleep in this patient through the recall of 
traumatic memories and its dissipation through catharsis 
suggest the phj^siologic processes of inhibition and dis- 
inhibition, as described by Pavlov. 

DISCUSSION ON PAPERS BY DR. DAVISON AND 
CAPTAIN DE MUTH AND BY DR. SPIEGEL 
AND DR. OBERNDORF 

Dr. Samuel Brock: Dr. Davison and Captain De 
Muth have presented an excellent survey of the neuro- 
anatomic and neuropathologic observations in cases 
associated with disturbance in the sleep mechanism. 
They have attempted to evaluate the various views 
relating to the parts played by the different segments 
of the central nervous system in this complex function. 
The authors have spoken of a voluntary control of the 
sleep mechanism by the cortex. Witli this I take partial 
issue. Sleep is essentially uncontrolled by the will, and 
while one may prepare oneself for sleep, one cannot 
speak of voluntary control without a good deal of 
reservation. Sleep is essentially a complex vegetative 
phenomenon, and the governing mechanism, I believe, 
is not the cortex but, rather, diencephalic and mesen- 
cephalic centers, in which are concentrated many other 
vegetative functions. The fact that certain drugs may 
induce sleep or wakefulness in thalamic and decerebrate 
animals indicates without question that the lower vege- 
tative centers are the controlling agencies under physio- 
logic conditions. That other parts of the central nervous 
system, such as the cerebral cortex, suffer modification 
or extinction of function is obvious. 

Until recently there has been little insight as to how 
such a mechanism, situated in the diencephalon and the 
mesencephalon, can bring about sleep. Perhaps a clue 
is afforded by the work recently done on cerebral con- 
cussion. The unconsciousness brought about by injury 
to the brain has points of resemblance to sleep. In fact, 
Geoffrey Jefferson, the English neurosurgeon, speaks 
of traumatic unconsciousness as “parasomnia.” Jefferson 
also stresses the part played in this condition by lesions 
in the region “extending caudally from the upper half 
of the fourth ventricle to the hypothalamus cephalad.” 

Some of the members of these societies maj' have 
heard Dr. Earl Walker, of Chicago, in December 1943, 
when he presented evidence to the effect that post- 
traumatic unconsciousness in animals is associated with 
extinction of cortical function, as revealed by electro- 
encephalographic studies (Diagnostic Value of Electro- 
encephalography, Arch. Neurol. & Psychiat. 51:203 
[Feb.] 1944). May one not speculate on the possibility 
that the large correlation center, described by various 
authors, acts as an “electrical extinguisher or modifier,” 
controlling and affecting widespread areas of the cortex 
and other parts to produce this remarkable phenomenon 
called sleep? Of course, inhibition in this sense, and on 
such a widespread scale — rhythmic in tempo, delicate in 
its response to various internal stimuli and external 


effects — is a phenomenon that still requires a great deal 
of study. 

In disease, more especially in the narcoleptic-cata- 
plectic syndrome, remarkable dissociations occur in the 
various elements making up sleep. Perhaps the most 
remarkable of these dissociations is the cataplectic 
deposturing produced by emotion. This represents the 
physical component of sleep dissociated from the mental 
and is accounted for by loss of function in lower centers. 
Indeed here, again, one has support for the view that 
thalaniodiencephalic and mesencephalic mechanisms are 
the main activators of sleep and wakgfulness, to which 
other parts of the central nervous system arc sub- 
servient. 

The remarkable case report presented by Dr. Spiegel 
and Dr. Oberndorf is difficult to discuss in a short 
period because of its many implications. The narcolepsy 
exhibited by the patient was seemingly conditioned by 
psychogenic factors. Yet one is beset by two pressing 
questions: Why did the patient make use of this par- 
ticular, rare, conversion phenomenon, instead of using 
the much more common forms of paralysis? Why did 
the symptoms begin so late in life, i. e., at the age of 48, 
since the psychogenic factors went back manj' j'ears? 
One wonders whetlier there was not a structural deter- 
minant in the dienccphalon, since the patient exhibited 
other vegetative phenomena referable to nearby centers, 
such as polydipsia and pallor. This, of course, might 
lead to a formulation of the clinical picture as one com- 
pounded of psychogenic factors and an organic substrate. 
There can be no doubt that the usual idiopathic narco- 
Icptic-cataplectic sjmdrome is an organic disease, since 
various observers have described oculomotor paralysis 
with diplopia and the Babinski toe sign during the 
seizure. Perhaps one seldom sees cases like the one 
described because the combination of psychogenic factors 
and adequate organic background is rare. 

Dr. S. P. Goodhart: Dr. Brock has ably discussed 
the localization and nature of the mechanism of sleep, 
with especial reference to its neurophysiology. The 
authors of the papers are highlj" qualified to discuss 
the psychosomatic relationships and are identified with 
studies both in organic pathology and in dynamic 
psychologjL The relation of psyche to soma has given 
rise to many theories with respect to brain and bodj" 
function. It was Hippocrates who first maintained that 
the brain is the seat of the mind, the source of intelli- 
gence, of volition and of bodily activity. 

Dr. Davison’s paper is a highly concentrated dis- 
cussion of both physiologic and pathologic sleep. He 
speaks of the psychogenic and the organic basis of 
narcolepsy; this at once raises the question of what 
constitutes organic and what psychogenic. 

As to the location of the sleep mechanism, clinical 
and pathologic investigations by Davison and others 
make it clear that because of the relations of nerv^e 
tracts and nerve centers to each other, both anatomic 
and physiologic, precise localization is speculative. 
Studies of large series of cases by Davison and others, 
including the cases which Dr. Davison presented this 
evening, confirm the fact that even fairly discrete lesions 
do ^ not always permit functional interpretation. His 
series of cases, like many reported in recent literature, 
indicate that the disturbances of sleep may result from 
lesions at various levels, from the cortex to the meten- 
cephalon. The frontal lobe seems to have a definite 
relation to the physiology and pathology of sleep. I 
have seen neoplasms of the frontal lobe the initial symp- 
tom of which for a long period was a striking tendencj' 
to somnolence. 
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There arc indeed nianj- theories as to the mechanism 
of normal and pathologic sleep. The one that strongly 
appeals to me is that of Pavlov, who regarded sleep as 
a series of conditioned reflexes dependent on cortical 
control and cortical inhibitions. There is convincing 
evidence that the h5T)othalamus and the periventricular 
region of the third ventricle have a definite relation 
to sleep; I believe it to be an automatic center, so to 
speak, but I feel that the mechanism of tire cortex and 
tire anatomic connections with the diencephalon are the 
sources of physiologic production of sleep, both in its 
normal and in its pathologic manifestations. I cannot 
agree with Davison and the authors who maintain that 
stupor and coma, levels of unconsciousness, are phases 
of what is called the sleep mechanism. These pathologic 
conditions, especially the states resulting from trauma, 
have, in my opinion, little if any relation to normal 
sleep. 

There is something to be said for the theory pro- 
pounded by Ramon y Cajal, who expressed the belief 
that ameboid movements of the dendritic elements of 
cortical cells and transcortical fibers may be the deter- 
minants in the production of sleep; according to this 
theory, contact is established and broken by these 
physical movements. 

The presentation by Dr. Spiegel and Dr. Oberndorf 
is an excellent and thorough study. The authors, 
wisely perhaps, have not given all the sordid details 
and the bizarre sexual perversions that doubtless were 
of etiologic influence in the development of this unusual 
clinical picture. The case offers subtle problems in 
psychosomatic relationships. In my opinion the case 
is not one of true narcolepsy, in the strict sense in 
which that term is used, nor do I feel that the clinical 
signs are entirely psychogenic. I prefer to speak of 
narcoleptiform seizures; neither the age of the patient 
nor the length of the individual attacks conforms to the 
usual brief or momentary periods of sleep seen in cases 
of true narcolepsy. There is much in the history of this 
case to suggest an organic change in the periventricular 
area of the third ventricle. The extensive nevi of the 
body, suggesting the presence of neurofibroma ; repeated 
polydipsia, vomiting and headache over an extended 
period; prolonged attacks of somnolence from which 
the patient could not be aroused — all these suggest an 
organic pathologic process. The unquestionable psycho- 
genic influence, as shown by the characteristic hemi- 
sensory syndrome, was, without doubt, a dominating 
influence in many of the symptoms. The authors of 
the paper apparently consider the entire picture psy- 
chogenic. 

Of the therapy used, hypnosis seems to be of value 
in bringing out the amnesia and the dream content, 
and on this effect — the authors base their procedure 
in the long-continued application of catharsis, as out- 
lined by dynamic psychoIogJ^ It would seem that in 
this case hypnosis touched only the surface and did not 
reach the deep psychologic makeup of the patient so 
that she could handle her own situation and thus be- 
come conscious of, and reconciled to, her past experi- 
ences. I recall a case at Montefiore Hospital in which 
the hypnosis brought about a restoration, although it 
was only temporarily maintained; the patient might 
well have been permanently cured had psychoanalysis 
followed hypnotic therapy. The young man presented 
a postencephalitic parkinsonian syndrome, with the 
characteristic facies, salivation, suppression of normal 
associated movements, rigidity and tremor; because of 
certain other physical signs, however, my associates 
and I suspected a psychogenic influence. While the 
patient was under hypnosis and subsequently the signs 


and symptoms disappeared. All therapeutic measures 
were discontinued for three weeks, and the patient 
lapsed into his former pathologic state. The case 
raises many questions of the relation between psyche 
and soma and between the functional and the organic. 

Dr. Charles Davison: I wish to thank Dr. Brock 
and Dr. Goodhart for their discussion. I must dis- 
agree, however, with Dr. Brock about the volntary 
control of sleep. I believe, and he will agree with 
me, that sometimes, especially in emergency situations 
or during emotional strain, one can go to sleep or 
keep awake as one wishes. There are numerous illus- 
trations, for instance, the marathon dancers who man- 
age to keep awake for hours at a stretch in order to 
perform their act. Soldiers have been known to re- 
main awake for t^vo to three days or longer when 
required. Then there are the historical instances, such 
as those of Caesar, Napoleon, Goethe and Freud, who 
could go to sleep or keep awake voluntarily. Our first 
group of cases, in which there was cortical involve- 
ment, illustrates that the cortex is the representative 
for the voluntary control of the sleep mechanism, the 
chief center of which is situated in the hypothalamus. 
Forced wakefulness or diurnal sleep is a cortical and 
therefore a voluntary function. The cortex may either 
activate or inhibit the function of the hypothalamus. 
The reverse may also take place. 

With regard to Dr. Goodhart’s question about stupor, 
coma and otiier unconscious states, I believe that these 
states are phases of an exaggerated form of sleep dis- 
turbance and are regulated by the same centers and path- 
ways. Frequently these terms are misused in clinical 
observations. The patient may be only lethargic and 
can be awakened if an attempt is made to do so; yet 
the record may describe him as in stupor or coma. 


Dr. C. P. Oberndorf: I am not in a position to 
discuss the physiology of sleep because I am neither 
a physiologist nor an anatomist; so I shall confine my 
comments to our case. Perhaps I may begin by noting, 
in connection with Dr. Davison's comment on psycho- 
genic factors, that there is no reason that a person 
with deep conflicts may not have encephalitis. The 
conflict would continue after, as well as before, the 
trauma to his central nervous system. Thus, a psycho- 
analyst reviewing such a patient’s history would inevi- 
tably uncover these conflicts; the patient Dr. Davison 
reported on seems to have harbored every known ten- 
dency-~from exhibitionism to incest. Therefore I do 
not think that his case is particularly cogent to the 
problem which we have presented, namely, the psycho- 
genic factors in narcolepsy. 

Dr. Brock asked why the patient did not manifest 
paralysis or some other symptom rather than narco- 
lepsy as a result of her conflicts. It is not always 
easy to determine the nature of hysterical symptoms 
or the reason for the development of the particular 
symptom. To be sure, this patient did have a hemi- 
paraiysis. It was one of the signs which confused the 
diagnosis because her right hemiplegia may have been 
organic in origin. Perhaps complete paralysis would 
have meant death. Sleep, indeed, may have been a 
compromise symptom in preference to death, if one 
wishes to speculate why the somnolence developed as 
a symptom rather than a more serious or painful one, 

One might emphasize that this patient had been ill 
with migraine headaches and nausea for twelve years 
before development of the narcolepsy. Why the narco- 
lepsy began just when it did we cannot positively sav 
but after the death of the lover in the complicated 
situation (which we thought proper not to present 
here) she promptly went into her first and prolonged 
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sleep. It was a solacing evasion of and oblivion to 
a difficult situation. 

Dr. Spiegel did most of the work on this case, but 
his material puzzled him. At that point he asked me 
to help, and I am grateful to him because the case 
aroused m3" interest, not so much from the fact that 
the narcolepsy seemed to represent an evasion but 
because the therapy produced such striking benefit. In 
refuting the idea of an organic lesion which resolved 
spontaneous!)', I must repeat that these symptoms had 
continued for nearly twelve years and the patient had 
been in the hospital for nearly six months, without 
improvement in her condition, before Dr. Spiegel began 
to treat her psychologically. One might maintain that 
whatever lesion was present in the ventricle disap- 
peared at that time, but I question such an explanation. 
What interested me from the psychotherapeutic angle 
was the disappearance of a serious and long-standing 
condition on the basis of psychocatharsis alone. 

I have been puzzled for many years as to whether 
the deep, penetrating and complicated analysis of un- 
conscious mechanisms in psychoanalytic treatment may 
not at times complicate the patient’s problems and settle 
him in a chronic preoccupation with his conflicts. Dr. 
Spiegel used a simple method in the treatment of a 
long-standing and severe illness — the original method 
of Freud — and the patient promptly began to get well. 
The thought occurred to me that this case was an 
outstanding example of the necessity for careful judg- 
ment in the choice of the application of psychoanalytic 
technic; I asked myself whether in certain cases such 
therapy does not prolong illness by too penetrating and 
too deep analysis. This is especially important today 
when the term “brief psychotherapy” is heard so often. 
What is meant b)" “brief” is still vague — whether it 
signifies that the patient is treated only over a short 
period, that the sessions are short or that the contact 
with the physician is superficial. Cases of tliis kind 
call attention to the need for discrimination in the 
employment of the method which Freud has made avail- 
able and to the fact that many patients not only cannot, 
but should not, be treated by the deepest form of 
psychoanalysis. 

Sequelae and Complications of Convulsive Shock 

Therapy. Dr. B. L. Pacella and Dr. S. E. 

Barrera. 

The incidence of deaths occurring with the use of 
metrazol or electric shock therapy has been surpris- 
ingly low. Kolb and Vogel estimated a death rate of 
1 per thousand among metrazol-treated patients and of 
O.S per thousand in electrical shock-treated material. 
Cardiovascular disturbances are usually mild, generally 
occur immediately after the seizure, with the patient 
exhibiting an irregular, slow pulse, and spontaneous!)' 
clear up. In our .own material hypertension developed 
in 2 patients subsequent to treatment, but more often 
lowering of the blood pressure occurred. Evidence of 
intracranial hemorrhage has not been observed. Pul- 
monary and respiratory complications are few, although 
postconvulsive apnea and stridor are commonly ob- 
served; these are readily overcome. The effect of 
treatment on healed or active tuberculosis is not yet 
clear, but patients with active tuberculous lesions have 
been treated successfully. Vertebral compression frac- 
tures occur in about 20 per cent of patients with whom 
hyperextension during treatment is employed, but symp- 
toms are mild and disappear in a short time. Fracture 
of the long bones is extremely rare but may occur in 
elderly patients. Three patients in our series exhibited 


dizziness and 2 patients spontaneous convulsions after 
treatment. Electroencephalograms obtained prior to 
treatment from the latter 2 patients were abnormal. 
Histopathologic changes in the brain thus far reported 
have not been in substantial agreement with each other. 
Electroencephalographic changes produced by treatment 
have been largely reversible, although in a few instances 
they have persisted for periods exceeding six months. 
Memory defect resulting from treatment is a striking 
complication but generally disappears in a few weeks. 
It is concluded that the benefits derived from convul- 
sion therapy in properly selected cases usually far 
outweigh the possible complications which may occur. 

DISCUSSIOX 

Dr. S. Bernard Wortis : Dr. Pacella and Dr. 
Barrera are to be congratulated on "the collection of 
data indicating that occasionally electric shock therapy 
can be given safely to the patient with mental disease 
who has an associated serious medical or surgical 
illness. Usually the physician will find it advisable to 
wait for his patient’s medical condition to improve. 
Relative contraindications to shock tlierapy are severe 
hypertension, hyperthyroidism, tuberculosis, febrile con- 
ditions and active cardiovascular disease; I should be 
reluctant to advise electric shock treatment for a preg- 
nant woman. The effect of this treatment on the fetus 
is not known. It is known that small hemorrhages 
occur as the result of severe convulsive movements, 
and it may be tliat such hemorrhages have a harmful 
effect on the fetus. However, occasionally the severity 
of the mental illness may warrant drastic treatment. 

Since the motor convulsive phenomena are responsible 
for some of the complications, my associates and I at 
Bellevue Hospital have given a preconvulsive intra- 
venous injection of sodium amytal. This diminishes the 
severity of the motor convulsive phenomena and lessens 
postconvulsive overactivity. For this purpose sodium 
amytal is safer than curare or betaerythroidine. 

Almost every one has come to recognize that the treat- 
ment is disappointing for schizophrenia and the neuroses. 
One can see clinical improvement in patients with para- 
noid conditions after treatment, but generally the para- 
noid quality of the personality remains, even though 
the patient cannot focus on the particular subject that 
seemed to disturb him before therapy. 

Dr. Hubert S. Howe: Certainly, it is through a 
study of the dangers and complications of this treat- 
ment that one will learn how to overcome them. The 
dangers seem to be remarkably few in view of the vio- 
lence of the procedure. The question of damage to the 
brain looms large in the minds of some investigators 
who have induced convulsive seizures in animals. Others 
have carried out similar experiments with no cerebral 
injury. In view of this disagreement, it is necessary 
for us as psychiatrists to follow the patients who have 
received this form of therapy and observe the results 
not only immediately, but months and years, after the 
treatment. We must ascertain whether their intellectual 
performance is on a level with their best normal activity. 
Comparison of electroencephalograms taken before, im- 
mediately and six months after completion of the treat- 
ment may also be of value. Such a careful followup 
study is being made at the New York State Psychiatric 
Institute. 

Impairment of memory is the most obvious psycho- 
logic complication. This has never been serious or 
persistent in any of my patients, but from personal 
communications from other workers and from the litera- 
ture there is little doubt that persistent incapacitating 
amnesia has been observed in some persons who have 
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received a large number of treatments with high volt- 
ages. In my experience, a course of from six to eight 
convulsive seizures is sufficient, and rarely have more 
than twelve been given during a short period, even in 
cases of schizophrenia. A 'few patients who were not 
completely relieved of depression have returned after a 
few weeks to have additional treatments. I believe that 
this is preferable to a longer course in the beginning. 

At the Neuropsj'chatric Institute in Hartford, Conn., 
the Reiter apparatus is used, and not over 20 to 30 volts 
of current is employed. Patients treated by this method 
have no memory disturbance, but the application of the 
electrodes to the parietal regions and the vertex, instead 
of the frontotemporal areas, may also be a factor. 

I wish to record a protest against administration of 
these treatments outside a hospital with a staff of trained 
assistants. Everything possible should be done to pro- 
tect the patient from fractures, biting the tongue, head- 
ache, muscle pains and other minor complications which 
cause him to dislike and dread the procedure. I have a 
routine of preinduction medication which seems useful. 
Just prior to the treatment the patient is given 1 grain 
(65 mg.) of codeine phosphate and 3 grains (0.195 Gm.) 
of seconal sodium by mouth. . With this medication we 
have not had complaints of as severe headache and 
muscle pains as our patients had frequently experienced 
before this regimen was instituted. . The memory of 
after-confusion is less vivid and the whole experience 
less unpleasant. 

I should like to ask Dr. Pacclia what he thinks of 
the results of electric shock with the Reiter apparatus 
and whether he believes that this form of application 
will supersede the older method. 

Dr. Lothar B. Kalixowsky ; I can only agree with 
the practical conclusions of the authors, for I have 
worked with them in this field for years. I should like 
to comment on a few of the most disputed points. 

One of the most frequent questions is whether organic 
changes are produced. My associates and I observed no 
microscopic changes in the brains of monkeys treated in 
the same way as our patients (Barrera, S. E. ; Lewis, 
N. D. C. ; Pacella, B. L., and Kalinowsky, L. ; Tr. Am. 
Neurol. A. 68:31, 1942). However, there is sufficient 
evidence that cerebral function is disturbed. Not only 
are electroencephalographic changes present, but the 
mental changes give evidence of organic changes. There 
are the memory defects ; with them always go emotional 
disturbances, and in many patients more dramatic syn- 
dromes, even a delirium-like picture, appear. All the 
known varieties of symptomatic psychoses occurring 
with infectious-toxic diseases can be seen during a long 
course of electric shock treatments. But they are re- 
versible, and even the most dramatic mental symptoms 
of organic origin usually disappear a week after the 
last treatment, except for slight impairment of memory, 
which may last longer. 

A case which illustrates what Dr. Pacella has men- 
tioned, that the relearning function is not seriously 
impaired, is that of a physician who was graduated 
abroad twenty years ago ; he was deeply confused 
during the treatment of a depression and even lost his 
command of English. A few months later, however, 
he passed a state board examination. 

I have treated several patients with tuberculosis; 2 
of them were severely emaciated because they had 
refused food, and therefore the tuberculosis was aggra- 
vated by the mental condition. Both patients did well; 
one doubled her weight. I have also treated patients 
with schizophrenia complicated with traumatic epilepsy 
whose spontaneous convulsions did not increase, but 


disappeared during and several months after electric 
shock treatment, probably owing to the usual elevation 
of the convulsion threshold under convulsive treatment. 

As to fatalities, I can only say that in my personal 
experience of almost 2,000 cases, I have not had a 
single death. A review of the literature reveals that 
several of the few fatalities were reported from hospitals 
where electric convulsive therapy is combined routinely 
with preconvulsion administration of curare. This indi- 
cates the risk of curare, which, therefore, I have not 
employed routinely, although its use is indispensable in 
certain cases. I have had no cases of fracture, since 
I avoid any tight restraint of the patient during the 
muscular discharge. 

Administration of sodium amytal, as mentioned by 
Dr. Wortis, is recommended for two reasons; to pre- 
vent postconvulsive excitement (for this we use it in 
difficult cases, with excellent results) and to decrease 
the strength of the convulsion. The latter effect is ob- 
tained only with doses of 10 or 12 grains (0.65 or 
0.78 Gm.). I have seen this decrease in the strength 
of the muscular discharge also with other anticonvulsive 
drugs, particularly with diphenylhydantoin, if these sub- 
stances are given in amounts near the toxic level. 

I wish to stress that, as Dr. Barrera and Dr. Pacella 
have shown, electric convulsive therap 3 ' is not invari- 
ably dangerous but has certain complications, and 
therefore should not be used when not definitely indi- 
cated. Its indiscriminate use should be warned against, 
particularly its constantly growing application in treat- 
ment of the neuroses, for many of which the extremely 
poor results do not justify the risks. 

Dr, B, L. Pacella: The Reiter apparatus is an 
electric shock set, apparently of a new design, which 
is being used at the Hartford institute, and is still in 
an experimental phase. However, as Dr. Howe pointed 
out, it apparently produces substantially less memory 
defects than the forms in current use, and in some per- 
sons no memory disturbance can be detected clinically, 
even in the patient who had received, according to Dr. 
Howe, as many as twenty convulsive treatments. Not 
only does this apparatus employ a lower voltage, but 
the character of the electrical pulsations, that is the 
wave form, is somewhat different from that with other 
machines. The convulsion produced in the patient is 
essentially the same as that obtained with our present 
apparatus. The clinical impression of the physicians 
using^ it, who have also employed other electric shock 
sets, is that the therapeutic effects are about the same 
with all types of machines. There are certain disad- 
vantages which I shall not discuss at present. 

The important feature of this new apparatus is the 
apparently much less pronounced effect on the memory 
than is noted with use of the other sets. This may be 
disturbing to investigators who maintain that improve- 
ment or recovery depends largely on the disturbance 
in. memory produced by the shock treatment. Another 
important feature noted in patients treated with the 
Reiter apparatus is that few electroencephalographic 
abnormalities are produced, even though a considerable 
number of convulsions is induced. Dr. Abraham Lieber- 
son, who has carried on electroencephalographic studies 
on such patients, has shown me tracings obtained from 
patients who have had a large number of convulsions, 
in which only slight changes were found, an observa- 
tion distinctly in contrast to the effect on the brain 
potentials ^yith use of the present standard electric 
shock machines, in which the ordinary* 60 cycle alter- 
nating current is utilized as the shocking stimulus. 
This observation is difficult to explain. 
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ILLINOIS PSYCHIATRIC SOCIETY 

Clarence A. Neymann, M.D., President, in the Chair 
Regular Meeting, Mareh 2, 1944 

Cerebral Malaria: An Electroencephalographic 
Study. Dr. Mandel Sherman, Chicago, and 
Major W. Park Richardson, Medical Corps, 
United States Army. 

The electroencephalographic investigation was made 
on soldiers with malaria who were hospitalized primarily 
for psychiatric observation and diagnosis. These pa- 
tients presented the following symptoms : nausea and 
other gastrointestinal disturbances, weakness, headaches 
and dizziness and varying degrees of depression and 
lack of interest in their surroundings. Sixty-one pa- 
tients with these symptoms who had malaria were com- 
pared with 30 patients with similar symptoms who did 
not have malaria. Definite abnormalities were observed 
in the electroencephalograms of IS of the 61 malarial 
patients. This high incidence of abnormalities indica- 
tive of cerebral involvement is probably due to the fact 
that these patients represented selected cases from the 
malarial population, and not the frequency of cerebral 
disturbance in the general population. 

The electroencephalographic changes included (1) ab- 
normal waves of the delta type, with a frequency of 5 
to 9 per second ; (2) arrhythmia, which varied in degree 
from one patient to another, and (3) unusual changes 
in amplitude, indicating metabolic or other variabilities 
in the brain. 

No change occurred with hyperventilation, such as 
is noted in patients with epilepsy. 

A possible cause of electroencephalographic abnor- 
malities associated with malaria is occlusion of the cere- 
bral capillaries by the malarial bodies. Such an occur- 
rence is not infrequent with malaria and has been 
pointed out by a number of pathologists. The fact that 
a high incidence was obtained for these patients al- 
though they were selected on the basis of their psycho- 
neurotic symptoms indicates that a large number of 
cases of cerebral malaria may exist without recognition 
by the usual clinical methods. 

DISCUSSION 

Dr. M. T. Koenig, Chicago : How do these changes 
in the electroencephalogram compare with the records 
for other infectious diseases, such as typhoid, pneu- 
monia and other conditions accompanied by symptoms 
of cerebral involvement? 

Dr. Mandel Sherman, Chicago: The question is a 
bit too ambitious for present knowledge. From a survey 
of the literature I know that changes are associated with 
some of the conditions and that they are not similar to 
the abnormalities under discussion. With the usual toxic 
disorders there are no distinct electroencephalographic 
changes. The difficulty, of course, is to make an elec- 
troencephalographic study on a toxic patient. It is not 
usually done; but when an electroencephalogram is ob- 
tained, there are indications of “tension” rather than of 
the pathologic process seen in the records of the malarial 
patients. 

Dr. Chester Darrow, Chicago : The authors raised 
the question of the probable origin of the abnormal 
waves. The cause suggested, and one which must be 
considered seriously, is the occlusion of the smaller 
vessels by the parasites, with focal ischemia giving rise 
to an abnormal electroencephalogram. However, the 
authors rightly question the correctness of this inter- 


pretation since, if it were the explanation, there should 
be indications of a focal pathologic process. That such 
a focus was indicated by the electroencephalographic evi- 
dence is obvious from the essential similarity and syn- 
chrony of the larger slow waves in the two sets of 
records. In the record which was presented as more 
nearly normal there was even greater discrepancy be- 
tween the two areas. It is questionable whether these 
effects truly arise from the cortex or represent a gen- 
eralized cortical disturbance with, possiblj', a deeper 
origin. My associates and I at the Institute for Juvenile 
Research have been interested in a problem related to the 
one presented here, namely, the electroencephalographic 
effects of encephalitis. Mr. Julian Pathman has been 
making a collection of records in cases of this disease, 
and there is a striking general similarity between the 
records he obtains and the records presented here. As 
the authors suggested, there is also the possibility of 
generalized damage, possibly arising from anemia or 
some other pathologic condition affecting the cerebrum 
as a whole, as well, perhaps, as deeper-lying structures. 

I had hoped the authors might present the effects ob- 
tained at different stages of the malarial cycle. If one 
could have electroencephalographic records during the 
phase of actual fever, as well as before and after it, one 
might have a clue to the effects on cerebral activity of 
the actual disease process in the brain, as contrasted 
with possible residual effects. 

Notwithstanding that abnormal results are obtained 
in a limited percentage of cases, it appears that a new 
field may be opened for the application of clectro- 
enceph al ography . 

Homosexuality, Transvestitism and Psychosis: 

Study of a Patient Treated with Electric 

Shock. Dr. Samuel Liebman, Chicago. 

The relation of homosexuality and transvestitism to 
psychosis has interested many psychiatrists. I had the 
good fortune to study a patient at the Norwich State 
Hospital (Conn.) who presented all these conditions. 

The patient had been adopted at about 1 year of age 
by a maladjusted family. In this peculiar environment 
he early showed feminine interests. As he grew older, 
his interests became less masculine, until he became 
overtly homosexual, transvestitic and psychotic. The 
anamnesis revealed that 2 male siblings were homo- 
sexual and that the maternal side of the family had 
been heavily tainted for at least two generations. 

After the administration of electric shock therapy the 
patient recovered from his psychosis and gave up his 
transvestitism. He was kept under observation for 
almost a year. Psychologic studies were made at 
intervals throughout the period of hospitalization and 
the subsequent period of observation. The changes in 
the patient’s symptoms, ideation and mood under the 
conditions of hospitalization and follow-up study were 
interesting. 

DISCUSSION 

Dr. D. B. Rotman, Chicago: The patients with 
transvestitism I have seen have been without psychosis ; 
it seems to me that the conflicts in the present case of 
transvestitism precipitated the mental condition and 
that the cure effected by electric shock therapy was 
of schizophrenia, not of transvestitism. The more in- 
teresting cases of transvestitism I have seen have con- 
cerned persons who were not effeminate at all. I have 
particularly in mind a patient whom I had under treat- 
ment for six months. He was referred to me because 
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his expense account had gone so high that his father 
could not keep him in college any longer. He was 
using all his school money to buy feminine apparel 
from a fashionable dressmaker. This he wore secretly 
in his room before the mirror. But he had none of the 
attributes of effeminacy described in Dr. Liebman’s case. 
At one time in' his career he was so intent on appearing 
as a female that he insisted on undergoing an operation 
which would make him really look like a female when 
he put on the clothes he wished to wear in secret. He 
was able to finish a college course, that is, a period of 
four or five years, without detection of this impulse by 
his intimates. 

Another point of interest to me in Dr. Liebman’s 
paper is the fact that this person was a female im- 
personator. ■ In court my colleagues and I see persons 
of this type in large numbers. Transvestitism is espe- 
cially common among so-called male prostitutes. But 
I have never seen such a person thrown into a 
psychotic state by conflicts over his condition. Given 
a patient of intelligence, who is a transvestite and is 
not psychotic, is one, with present knowledge, 3 ustified 
in applying shock therapy? Has any one the courage 
to apply this form of treatment to such a condition? 

I feel that one of the finest research problems which 
could be undertaken in this community would be the 
hospitalization of a group of so-called sexual psycho- 
paths with no abnormalities of the endocrine glands 
for a trial of shock therapy. I do not regard the shock 
treatment in the author’s case, which was for schizo- 
phrenia, as at all related to such a problem. 

Dr. M. T. Koenig, Chicago : Dr. Rotman’s comments 
are interesting. The case struck me somewhat differ- 
ently. If one will disregard the transvestitism for the 
present and consider this patient as he arrived at the 
hospital, overdressed, overdecorated and at the same 
time wearing men’s clothes, and will follow the course 
of his psychosis and note his grandiose ideas, one will 
have the impression of a manic-depressive psychosis, 
of which the transvestitism was only a manifestation. 
The further progress of the condition seems to confirm 
this diagnosis. The irritability and paranoid trends are 
often observed in patients with manic states toward the 
time of recovery. Then with electric shock treatment 
the manic patient duly passes through his depressed 
state. 

Dr. Victor E. Gonda, Chicago ; I know of a case 
exactly like the one Dr. Liebman presented. A well to 
do family adopted a child from the Evanston Cradle. 
At the age of 15 he was observed dressed in girl’s 
attire and masturbating openly. The two policemen who 
found him took him home to his foster parents. Since 
the condition was serious, at least on the borderline of 
a psychosis, my colleagues and I undertook to treat 
the boy with electric shock, I am sorry to say, without 
result. It may be that we did not give him enough 
treatments. 

As far as I know, transvestitism has not been treated 
successfully anywhere; it would be nice to start some- 
thing new in Chicago. 

Dr. Samuel Liebman, Chicago; I avoided making 
a diagnosis, for I did not want to commit myself. The 
only reference in the available literature in relation to 
the shock therapy of this personality disorder was that 
of Owensby, who treated 6 homosexual patients with 
metrazol. He claimed good results but did not follow 
his patients for any length of time. They were primarily 
transients, and I doubt the validity of the results. 


The case I reported was worked up to prove to the 
other members of the staff at the Norwich State Hos- 
pital that environmental and psychologic factors arc im- 
portant in the development of personality disorders. The 
investigation brought out the profuse records of the 
other members of the family, but that is not a problem 
to be dscussed now. 

The Conditioned Aversion Treatment of Chronic 

Alcoholism: Preliminary Report. Dr. J. V. 

Edlin, Dr. R. H. Johnson, Dr. Paul Hletko and 

Dr. Gert Heilbrunn, Chicago. 

Owing to its known gravity and prevalence, the syn- 
drome of chronic alcoholism does not invite an aphoristic 
restatement. Methods of treatment Have in general pur- 
sued two goals: (1) the management of the withdrawal 
period and the immediate restoration of the patient’s 
well-being, and (2) the inculcation of permanent so- 
briety, by utilization of individual or group psycho- 
therapy, occupational and recreational activities and 
pharmacologic mediums. The achievement of the first 
goal is usually attained — the actual problem, however, 
arises after the acute withdrawal symptoms have sub- 
sided. 

Reliable means of therapy were continually sought, 
and the new approach through establishment of an 
aversion to alcoholic beverages was deemed worthy- 
of a thorough trial. The treatment consists essentiall}’ 
in establishing a reflex aversion to the sight, smell and 
taste of alcoholic beverages by means of an emetic. 
Eighty-five patients, with an average age of 38 and an 
average period of addiction to alcohol of twelve and 
one-half years, were treated. Of this total of 85 patients, 
7 were treated outside the hospital as private patients. 
Four patients, or 58 per cent of this private group of 
7 persons, have abstained from alcohol from three to 
seven months; 2 patients have relapsed, and reliable 
information on the fourth patient is unavailable. 

A statistical evaluation of the results obtained witli 
the entire hospital group cannot reflect the true merit 
of the treatment, and it is more advantageous to consider 
only the hospital patients who completed treatment at 
least five months ago. Sixty-four patients were treated 
between April and September 1943. Fifteen patients, 
or 23 per cent, are known to have remained abstinent 
for five to ten months. Follow-up information is un- 
available on 22 patients, and 27 patients are known to 
have relapsed. This figure of 23 per cent is in contrast 
to the 58 per cent of favorable results obtained with 
the small group of patients privately treated. 

The principal source of discrepancy in the results 
presented itself in the patient’s sociologic situation as 
the probable reflection of his emotional and psychologic 
status. A survey of the records of the hospital patients 
disclosed a rather inferior social and financial situation, 
whereas all patients of the privately treated group and 
11 of the IS patients who were successfully treated 
at the hospital had a superior sociologic rating. 

W'e concur in the consensus that every alcoholic pa- 
tient suffers basically from a personality disorder and 
that the alcoholic debauch represents an escape from 
conflict. It is realized that the aversion treatment does 
not represent a “cure” at all~it must be regarded 
merely as a method to render the addictee abstinent for 
a certain period, during which psychotherapy, whether 
of the group form, such as attendance at meetings of 
the Alcoholics Anonymous, or individual, can be insti- 
tuted and gain ground. 
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DISCUSSION 

Dr. Jui-es jMasserm.an, Chicago; This work bj' Dr. 
Edlin and his associates is to be highly commended on 
a number of counts : a well defined problem, a consistent 
technic, adequate follow-up studies and, best of all, an 
analytic and critical evaluation of results in the light 
of relevant and important psychologic and social factors, 
iforeover, the authors reach conclusions that are quite 
in accord with the modern psychodynamic concepts of 
alcoholism and its therapy — and it is perhaps only in 
this connection that I was assigned to supplement their 
discussion. 

First, the authors correctly use the theoretic term 
“conditioning,” not in the jejune pavlovian sense of 
mechanical reflexologj', but, rather, to represent a 
process of adaptation in which meaning and motivation 
plaj' essential dynamic roles. Meaning is never inde- 
pendent of the subject’s conscious or unconscious inter- 
pretations of tire situation; for this reason, a patient 
detained in a hospital and made to vomit an ipecac 
cocktail in a doctor’s laboratory will obviously resolve 
never again to drink — that is, never again to drink an 
ipecac cocktail in a doctor’s laboratory. But this reso- 
lution will not necessarilj’- prevent him from imbibing 
good Scotch with a sympathetic friend at the nearest 
bar when he is sufficiently in need of the effects of 
alcohol and is free to obtain it on his own terms. As 
to motivation, Dr. Edlin and his coauthors showed that 
patients rvho after therapy again experience the need 
to escape from pressing economic and social problems 
are apt to resume their alcoholic intake under the 
stress of anxiety-ridden living. The final question as 
to the adaptative choice of the drug then arises; Why 
does a neurotic person take to alcohol ? By what phar- 
macologic magic does alcohol fill the needs of a neurotic 
person so specifically that he will seek it avidly to the 
point of intractable addiction? Rado, Knight, Schilder 
and others pointed out the oral, homosexual and other 
symbolic unconscious satisfactions that alcoholism facili- 
tates, but their valuable psychoanalytic studies still did 
not explain the special needs for the drug itself rather 
than for other forms of oral indulgence, or the corre- 
sponding addiction of patients with similar neurotic 
mechanisms to sedatives, hypnotics and opiates not 
necessarily taken bj' mouth or in homosexual camara- 
derie. However, recent experimental studies in my 
laboratory may furnish a remote clue to this problem. 
Briefly, it was observed that when alcohol was admin- 
istered to normal animals, they were no longer sensitive 
to tlie complex demands of their environment and re- 
verted to more simple, directly satisfying, though some- 
what disorganized, activities. When an experimental 
neurosis was induced in these animals by subjecting 
them to a severe motivational conflict, alcohol was again 
successful in abolishing complex “neurotic” adaptations, 
such as inhibitions, phobias and compulsions, and in this 
way the drug appeared to give the animal demonstrable 
relief. Moreover, some of the animals soon associated 
the drug with these effects and began to prefer foods 
that contained alcohol to foods that did not. In other 
words, the animals became alcohol “addicts” and re- 
mained so until the neurosis was relieved by some form 
of therapy and the need for the effects of alcohol thus 
abolished. If the qualifications necessary in evaluating 
such animal experiments are neglected for tire moment, 
one fact emerges ; A neurosis is a psychobiologic tension 
state that is symptomaticallj' relieved by alcohol. When 
this is translated, however broadly, into operational 
terms, one may confirm experimentally the clinical ob- 
sermtion of Edlin and his co-workers, and nearl3' all 


others in the field, namelj', that an alcoholic addict will 
continue to seek and imbibe his drug as long as his 
neurotic needs for its pharmacologic and psychologic 
effects continue. The treatment of alcoholism, then, 
must be more than merely symptomatic; In the last 
analysis, the underlying neurosis must jic attacked by 
every' medical, psychologic, economic and social means 
at one’s command. Obviously, the authors of the paper 
have reached the same implicit conclusions. 

Dr, Chester Darrow. Chicago; Were the patients 
informed that there was ipecac in the drink? 

Dr. Franz .di.EXANnr.R. Chicago; The two papers 
presented here in which the shock theraiiy for psychosis 
and the treatment of alcoholism were considered have 
one feature in common — they represent something which 
might be called symptomatic therapy, an approach which 
the rest of medicine tries to replace more and more -with 
the etiologic attack. This is not meant as a criticism; 
it is mcTtiy a statement of fact. Dr. Masserman’s films 
forcefully demonstrated that alcoholism is' a symptom, 
not a disease. Only' neurotic cats prefer alcohol, for it 
relieves them of certain conflicts. The conflict is the 
cause and alcoholism the resulting symptom. 

I inu.st, however, defend Dr. Rado from Dr. Masscr- 
man’s criticism, because in his paper on drug addiction 
he came to similar conclusions, namely', that alcohol, 
through its narcotic cfl’ect, relieves basic conflicts and 
thus creates the craving for alcohol. This is also true 
of morphine and opium. The main issue is that alcohol, 
by its narcotic effect on the higher centers, temporarily 
removes inhibitions and thus relieves the complc.x con- 
flicts of emotional life. Probably' something similar 
takes place in shock treatment, except that its influence 
on the higher centers lasts somewhat longer. I wish 
to emphasize that both conditions discussed tonight, 
alcoholism and schizophrenia, are chronic disturbances 
of long duration. In my ex])crience of twenty'-two years. 
I have learned to look on both the psychotic and the 
alcoholic patient from a long range point of view. I 
cannot .see the validity of speaking of a cure of such a 
condition w’hen the result lasts only' about nine montlis. 
What is nine months in the life of an alcoholic addict? 
I should speak of the symptom-free periods as remis- 
sions. Remissions of six to nine months are common 
w’ith alcoholic patients, who from time to time “go on 
the wagon.” 

The psychotic patient whose case was described here 
was treated with shock: he had a relapse and was given 
shock therapy again; the chief result was the change 
in form of his symptoms. For a w’hile he w'as even 
free from symptoms. However, in the case of the pa- 
tient W’ith a psychosis, combined with transvestitism, a 
remission of nine months or a y'ear does not mean 
much. The underlying condition is still there ; otherwise 
why should he relapse again and again? And if such 
a patient does not relapse, I should require a thorough 
investigation of the situation in order to decide whether 
the remission is not due to changed conditions. In this 
type of therapeutic research I should like to see it taken 
for granted that alcoholsm or the manifestations of 
schizophrenia are symptoms, and not the basic condition. 
In internal medicine one is not much impressed when 
the patient’s headache is relieved by administration of 
wcetylsalicylic acid and the bask condition is left un- 
changed. Psychiatrists are not yet clearly aware of 
the difference between the symptomatic approach and 
the etiologic attack on the basic condition, and they 
continue to forget that the symptoms are nothing but 
the self-curative attempts of the organism. 
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Dr. Edlin and bis associates ^Yerc aware of the symp- 
tomatic nature of their treatment, but I should have 
liked even more emphasis on this part. Dr. Liebman’s 
patient exhibited schizophrenia, transvestitism, homo- 
sexualism and, finally, criminal behavior. I wonder 
what he will show after a new series of shock treat- 
ments? 

Dr. Conrad S. Sommer, Chicago; I discussed this 
subject with the authors before they began their study 
and had an agreement with them that certain criteria 
should be followed in the selection of cases. However, 

I presume that in order to get enough cases to serve as 
a basis for the completion of the paper some of these 
criteria were disregarded. Since, however, the criteria 
apply to the selection of cases with regard to the social 
and vocational adjustment, I should like to indicate them 
briefly: 1. The patient should be in sound physical con- 
dition. and the alcoholism should not be accompanied 
by psychosis. 2. The patient should show interest in 
therapy and voluntarily apply for it. 3. There should 
be evidence of familj'- support and interest in the treat- 
ment, as demonstrated by a relative or a close friend. 
4. The patient or the family should supply the necessary 
alcoholic beverages as further evidence of his or their 
interest and as an mdication of cooperation in follow-up 
studies. 5. The conditioned reflex treatment is success- 
ful only as already mentioned, in producing a temporary 
aversion to drinking. The conditioned reflex treatment 
will not make a new man out of one who has never 
made a successful adjustment in the first place. But 
it conceivably can, and, it is to be hoped, will give an 
alcoholic person enough of a breathing spell from his 
alcoholism so that his will to stop drinking has a chance 
to assert itself. Hence, a futher requirement for admis- 
sion to the conditioned reflex treatment is that the pa- 
tient shall have had at least three years of successful 
work experience. 

I suggest that the authors reevaluate their successes 
and failures in the light of their observance of these 
criteria. 

Dr. Gert Heilbrunn, Chicago; The discussions 
need no further comment', it is sufficient to stress again 
that the conditioned aversion treatment cannot be con- 
sidered a cure for alcoholism. However, in a consider- 
able number of cases it establishes a period of abstinence 
which may and should be utilized for a psychothera- 
peutic approach. My colleagues and I agree with Dr. 
Alexander in his observation that alcoholic patients may 
have spontaneous periods of abstinence lasting from six 
to nine months. The overwhelming majority of our 
patients, however, had indulged in the use of alcohol 
continuously, so that there was no opportunity for a 
psychotherapeutic approach to gain ground. 

In response to Dr. Darrow’s question, the patient is 
informed before the start of the therapy that he will 
receive a medicament mixed in his first drink to educe 
tlie obnoxious qualities of the alcohol. 


CHICAGO NEUROLOGICAL SOCIETY 

R. P. Mackay, M.D., President, in the Chair 
Regular Meeting, March 14, 1944 

Herniation of Cervical Intervertebral Disks. Dr. 
Paul C. Eucy and Dr. Harvey Chenault. 

Two cases of herniated cervical intervertebral disk 
were reported, with compression of the seventh cervical 


nerve root in 1 and of the sixth cervical nerve root in 
the other. 

In the first case, that of a man aged 41, herniation 
of the intervertebral disk between the sixth and the 
seventh cervical vertebra, with compression of the right 
seventh cervical - root, occurred as the result of a fall 
on an icy street. This condition gave rise to repeated 
attacks of severe pain just below the medial part of 
the spine of the right scapula and to persistent pares- 
thesias of the thumb and the index and middle fingers 
and the radial border of the forearm, all on the right 
side. Removal of a small piece of herniated carti- 
laginous material through a partial hemilaminectomy 
opening gave immediate and complete relief from all 
symptoms. 

In the second case, that of a women aged 31, an 
automobile accident caused herniation of the interver- 
tebral disk between the fifth and the sixth cervical 
vertebra, causing compression of the left sixth cervical 
nerve root. She experienced immediate pain at the base 
of the neck on the left side. A few days later this pain 
began to radiate across the shoulder, down the outer 
aspect of the arm and out to the end of the thumb. It 
was usually a constant dull ache, but moving the arm 
or the neck often evoked a sudden, sharp burst of pain 
which radiated from the neck down the arm and into 
the thumb. 

Roentgenographic examination disclosed 'loss of the 
normal curvature of the cervical portion of the spine, 
reduction in the intervertebral space between the fifth 
and the sixth cervical vertebra and slight hypertrophic 
bony changes at this joint. 

These 2 cases emphasize that the sensory area sup- 
plied by the sixth cersdcal root centers about the thumb, 
while the sensory distribution of the seventh cervical 
root is concerned primarily with the index finger. 

DISCUSSION 

Dr. Frederick Hiller; On what clinical evidence 
do the authors make the differential diagnosis of 
herniated disk and secondary narrowing of the neural 
foramens ? 

Dr. Adrien Verbrugghen; I have reported 4 cases 
of this condition before this society (Prolapsed Cervical 
Intervertebral Disks, Arch. Neurol. & Psychiat. 
52:251 [Sept.] 1944) in which the typical signs were 
not presented. In 2 cases the index finger was the only 
one involved, but in 2 other cases, in which the sixth 
and seventh roots were compressed, there was no anes- 
thesia or any other neurologic sign except in the roent- 
genogram. As a matter of fact, this afternoon my 
associates and I operated in another case in which there 
was a narrow disk betiveen the fifth and the sixth 
cervical vertebra, with no objective neurologic signs, 
but with great pain. I should like to ask Dr. Bucy 
whether he has any explanation for the fact that the 
postaxial elements of the root are more involved than 
the preaxial elements in the sciatic and in the cervical 
syndrome. I have asked many people, but so far I 
have not had a good answer. I have no answer myself. 

Dr. Paul C. Bucy ; I can conceive of there some- 
times being great difficulty in differentiation' from arthri- 
tis with compression of the root either by thickening of 
the soft tissue or by bony proliferation at the inter- 
vertebral foramen. In most cases the differentiation 
will rest on several factors. One is the localized nature 
of the pain. Usually a patient with a herniated disk is 
insistent on the localization of his discomfort, whereas 
the patient with arthritis of the spine has more diffuse 
discomfort, which is often bilateral and involves more 
than one root. With arthritis the discomfort is often 
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more gradual in its development than that with herni- 
ated disk. The roentgenogram is helpful in some cases, 
although it is conceivable that a patient may have both 
arthritis and a herniated disk. 

It is possible to have a herniated vertebral disk and 
a normal roentgenogram, as occurred in the first of the 
2 cases reported. The roentgenographic signs when 
present are not striking. They are limited to one inter- 
vertebral space. That space is reduced in width as 
compared with all the other spaces; the normal cuiwa- 
ture of the cervical part of the spine is lost at the point 
of the herniation, and there may be proliferative bony 
changes, which are limited to that level. 

Paralysis of Nerve Induced by Direct Pressure 

and by Tourniquet. Dr. Derek Denny-Brown 

and Dr. Charles Brenner. 

This paper was published in the January 1944 issue 
of the Archives, page 1. 

DISCUSSION 

Dr. Paul Weiss : I am somewhat embarrassed to 
be called on for comment, for I should prefer not to 
have to contradict the distinguished visitor. 

I have been working on experimental nerve com- 
pression for two years and, with my collaborators, have 
studied well over 100 cases. We have observed and 
described the following effects; (ij pressure block of 
conduction; (2) preservation of axis-cylinders in the 
compressed zone; (3) edema proximal to the constric- 
tion; (4) damming of the axoplasm proximal to the 
constriction, and (5) swelling of degenerated fibers distal 
to the constriction. 

Dr. Denny-Brown’s pictures furnish beautiful con- 
firmations of our observations. They also add a new 
point in understanding of the fate of myelin under com- 
pression. I must disagree, however, with the inter- 
pretation given by Dr. Denny-Brown that these phe- 
nomena are due to interference with the blood supply 
rather than to a direct disturbance of the nerve fibers. 
My colleagues and I have presented seemingly con- 
clusive experimental evidence that constriction affects 
the nerve fibers directly. Some of the evidence may be 
briefly restated. 

Pressure Block . — In joint experiments with Dr. Hal- 
lowell Davis, excised peripheral rat nerves were pro- 
vided with fitting cuffs of living artery and stimulated 
at one end, and oscillographic records were taken from 
the other end. When the arterial cuffs were made to 
contract by application of epinephrine, conduction of 
impulses was blocked within a few minutes. On redis- 
tention of the vascular cuffs conduction returned. That 
the block was due to the mechanical disturbance, and 
not to ischemia and anoxia, is plain not only from the 
fact that blood supply to the nerve was absent and access 
of oxygen to the surface of the nerve was as much 
restricted in the unconstricted as in the constricted cuffs, 
but from the promptness with which the block developed. 

Dr. Denny-Brown has referred to Grundfest’s obser- 
vation that nerve conduction is abolished only by very 
high pressures. In this he overlooks the fact that in 
Grundfest s experiments the whole nerve was enclosed in 
a medium which was placed under even pressure, so that 
the fibers could remain intact, whereas local constrictions 
always produce displacement of neuroplasm. Obviously, 
conduction is blocked by this local disorganization of 
the axon, rather than by pressure as such. Grundfest’s 
results are therefore of no relevance to the problem of 
nerve constriction. Moreover, Dr. Denny-Brown has 
emphasized that tourniquet block often affects the motor 


fibers alone, to the exclusion of the sensory fibers. Can 
sensory fibers subsist in anoxia? If not, anoxemia can- 
not have been severe enough to account for the motor 
block. 

Preservation of Compressed Axis-Cylinders. — The 
fact that axons in a constricted zone fail to undergo 
wallerian degeneration, as observed by Ramon y Cajal, 
Stroebe and us, is beautifully illustrated by Dr. Denny- 
Brown’s slides. But, again, this effect cannot be laid 
to ischemia because it can likewise be obtained in vitro. 
My colleagues and I have shown that in excised nerves 
placed in isotonic solution of three chlorides U. S. P. 
and subjected to partial constriction wallerian degen- 
eration is inhibited throughout the constricted portion, 
whereas the mere covering of the surface without con- 
striction had no effect. Therefore, constriction inter- 
feres with fiber degeneration directly, and not by way 
of ischemia. 

Edema. — Dr. Denny-Brown describes swelling of the 
nerve on both sides of a constriction. My associates 
and I have previously described the same phenomenon. 
However, we have insisted that the nature and origin 
of the swellings are altogether different oi) the central 
and on the peripheral side: Centrally there is accumu- 
lation of interstitial liquid between the nerve fibers, 
while distally the individual fibers become vacuolated 
and swell but remain closely packed. In line with com- 
mon terminology, we designate only the former swelling 
as edema. Dr. Denny-Brown prefers to call both con- 
ditions edema. I am glad to note that tlic difference 
of opinion between him and me in this matter has arisen 
merely from his use of the same term for two different 
phenomena. The interstitial edema is proximal. This 
position indicates tliat it is not primarily of vascular 
origin. My associates and I have concluded that it 
results from the damming up of endoneurial fluid in 
centrifugal motion. We have recently confirmed the 
existence of this endoneurial flow by radioactive tracers. 
At any^ rate, the proximal interstitial edema must not 
be confounded with the traumatic swelling of the distal 
fibers. 

The preceding critical comments bear on matters of 
evidence and interpretation. They should not be allowed 
to overshadow my admiration for the excellence of Dr. 
Denny-Brown’s observations and illustrations. Further- 
more, if I advocate the view that constriction acts on 
nerve and nerve fibers directly, I am referring to tlie 
primary effects only. There is no doubt that ischemia 
will likewise leave its mark on the nerve through secon- 
dary effects. However, to distinguish the direct from 
the indirect effects must remain a matter of future 
analysis, rather than one of mere assertion. 

Dr. Frederick Hiller: I have been fascinated by 
this paper, as would be any one who has studied the 
problem which Dr. Denny-Brown has discussed. My 
associates and I have carried out experiments con- 
cerned, among other problems, with the effect of ner\'e 
traumatization as encountered particularly in gunshot 
wounds. The results of these studies are soon to be 
published. I can confirm Dr. Denny-Brown’s observa- 
tions. Nerve contusions produced by a bullet that has 
passed through the thigh of a cat, more or less close to 
the sciatic nerve, afford a particularly good opportunity 
to study the effect of trauma on the nerve. We observed 
that the traumatization varied in degree in tire different 
fasciculi. Cats were allowed to survive the trauma from 
several days to many weeks, and we observed the nature 
of the traumatic effect in its degenerative and regenera- 
tive phases. The traumatized nerve shows not only 
the well known wallerian' degeneration but areas of 
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necrosis, tlie latter differing histologically from the 
former. It is surprising that these necrobiotic phe- 
nomena should have escaped the notice of practically 
every one who has worked on the problem of nerve 
damage and nerve regeneration. They can be seen not 
only in traumatized portions of a nerve but in grafts in 
which lack of circulation leads to a breakdown of the 
ectodermal elements. The necrobiotic destruction of 
the m 3 'elin fails to show the characteristic phases of 
the wallerian degeneration, namely, the typical dark- 
stained myelin globules and the large fat droplets. The 
necrotic decomposition products fill not onlj’’ the endo- 
neural tubes but, as Dr. Weiss mentioned, the inter- 
tubular spaces as well. Edema is seen frequently. I 
agree with Dr. Denny-Brown that an ischemic lesion is 
the probable explanation of this sort of tissue reaction. 
The necrobiotic process apparently has a stimulative 
effect on the endoneural cells. A strong mesodermal 
proliferation takes place -in traumatized nerve fasciculi, 
leading to more or less profound obliteration of the 
original structure of the endoneural tube. Proliferation 
of Schwann cells and regeneration of nerve fibers fol- 
low the proliferation of the mesodermal endoneurium, 
and the arrangement of the regenerated nerve fibers 
becomes just as irregular and confusing as that of the 
mesodermal cells and fibers. The isomorphous struc- 
ture of a normal nerve, retained in the neurotization of 
a nerve in secondary degeneration, becomes hetero- 
morphous in traumatized portions of a nerve, as well as 
in most nerve grafts. Traumatized myelin may also 
form a lasting barrier to the outgrowth of axons, lead- 
ing to the formation of Perroncito spirals. The general 
belief that these spirals are the effect of connective scar 
tissue, with obstruction of nerve regeneration, is cer- 
tainly wrong. 

Dr. Derek Denny-Brown: I am grateful to the 
discussers for bringing out so many interesting points. 
Dr. Weiss differs from me in some respects, partly 
with regard to the length of nerve compressed and 
partly with regard to his in vitro technic. The preser- 
vation of myelin tubes with loss of nuclear staining in 
the zone of severe compression, and with degeneration 
on either side of that zone, seems to me to warrant use 
of the term “preservation necrosis.” It is not clear to 
me that nerve compressed between cover slips in vitro 
should be as well oxygenated at its center as at its 
peripherj'', and I suspect therefore that factors other 
than pressure, _ delay wallerian degeneration, but I am 
not familiar with the technic. 

The difference between Dr. Weiss’s view of edema 
and mine is derived mainly from a difference in opinion 
as to the nature of the swelling of a nerve distal to a 
compressed zone. The nerve fibers are more swollen 
distally; I agree that there may be less endoneural 
fluid in proportion, but would point out that the nerve 
fibers are then in degeneration and are themselves 
edematous. I prefer therefore to regard both the proxi- 
mal and the distal swellings as edema. 


I am not wholly satisfied that vascular stasis is the 
whole explanation of edema, for if it were the histio- 
cytic infiltration and the endoneural proliferation would 
still have to be accounted for. I was greatly interested 
in Dr. Hiller’s description of the early loss of myelin 
and of preservation of Schwann sheaths in nerves con- 
tused by a bullet. I have a suspicion, derived from 
experiments on percussion of nerves, that fragmenta- 
tion of myelin is the primary cause of the histiocyte 
response. The endoneural reaction remains for months 
after the cause of compression is removed and may be 
the only residual sign of a compression lesion. The 
mechanism of the endoneural response is tied up with 
the whole problem of the cause of neuroma. 

Injuries of the Vertex of the Skull with Special 
Reference to the Paracentral Lobules of the 
Brain. Dr. John R. Green and Dr. Eric Oldberg. 

Two cases of bilateral injury to the paracentral 
lobules of the human brain are presented. The influ- 
ence of such lesions on sphincter control is reviewed 
and discussed. The superficial clinical similarity be- 
Uveen symptoms and signs of injuries to the spinal 
cord and corresponding indications of lesions of the 
paracentral lobules is pointed out, and suggestions with 
regard to the differential diagnosis are made. 

This paper was published in full in a previous issue of 
Surgery, Gynecology and Obstetrics (79:267 [Sept.] 
1944). 

DISCUSSION 

Dr. Derek Denny-Brown: Bilateral lesions of the 
paracentral lobules must be rare. I remember 2 cases 
of such lesions, in each of which loss of pain and 
touch was present in the lower extremities, as de- 
scribed by Foerster, a symptom making their resem- 
blance to cases of lesions of the cord even more 
complete. I have no explanation for this phenomenon. 

Micturition is a roundabout and indirect voluntary 
act, comparable to salivation. It would seem that the 
inhibition of an inhibition would best explain the course 
of events. There is no convincing evidence that the 
process can be initiated from any region of the motor 
cortex. Yet there is no doubt that lesions of the 
parietal area can interfere with the function, making 
voluntary micturition difficult or impossible. Bilateral 
lesions of the frontal area, on the other hand, facilitate 
the process and lead to incontinence. In the cases I 
recall, the bilateral lesions of the parietal area had 
also caused loss of position sense and hypotonia in the 
lower limbs, and the dysuria then appeared to be cor- 
related with the underactivity of reflexes shown by the 
hypotonia. In the cases presented by Dr. Green and 
Dr. Oldberg the condition was described as spastic, and 
this observation appears to set the depression of mic- 
turition aside from the general state of other reflexes. 
Perhaps the difference would have been less pronounced 
with longer survival. 
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The Management of Neurosyphilis. By Bernhard 
Dattner, M.D., J.D., with the collaboration of Evan 
W. Thomas, M.D.. and Gertrude Wexler, M.D. 
Foreword bj’’ Joseph Earle Moore, M.D. Price, 
S5.50. Pp. xiii, plus 398 and 27 tables^. New York: 
Grune & Stratton. Inc.. 1944. 

Dattner’s book comes at the beginning of a new era, 
the penicillin era, in the treatment of neiirosyphilis. 
While this particular drug is still in its infancy, 
Dattner can look back on two decades or more during 
which the treatment of neurosyphilis has been revolu- 
tionized by the introduction of malaria and pentavalent 
arsenicals. He consequently gives a scholarly presenta- 
tion of what has been accomplished between the two 
world wars in a battle against the disease with which 
he has been closely identified. 

The author brings a freshness of view to the subject. 
Instead of dealing with the clinical symptomatology and 
differential diagnosis of neurosyphilis, he relies for both 
diagnosis and prognosis, and even for therapeutic con- 
trol, on examination of the spinal fluid. Instead of 
describing the time-honored intravenous and intrathecal 
treatments, he jumps right into a discussion of malaria 
therapy, insisting that as soon as the diagnosis is made 
the patient should be inoculated. At the same time, 
however, he gives the historical background and de- 
velopment of various odier methods of therapy, with 
fairl}^ detailed discussion of the favorable and unfavorable 
results. The discussion is so detailed at times that the 
author is apt to submerge his own outstanding observa- 
tions in the large amount of material collected from 
the literature. 

This work is rather strictly a clinical survey, written 
for the physician who will treat neurosyphilis. Its 
emphasis on the minutiae of spinal puncture will strike 
the average physician as absurd in view of the fact that 
he has been doing spinal punctures since he was a med- 
ical student. The same may be said for the laboratorj' 
tests, for which the therapeutist relies on the clinical 
laboratory. A detailed consideration of these procedures 
does not have a place in a work of this type. More 
helpful would be a discussion of the relative values of 
the complement fixation and the flocculation tests and 
the variations in the colloidal reactions. A chapter on 
the pathologj' of the disorder and its response to therapy 
would also be welcome. Theoretic considerations are 
given their proper emphasis, and social aspects are 
handled in a paragraph that deserves to be quoted be- 
cause of its idealism. 

“Only a few words are necessary to refute tlie objec- 
tions frequently raised that the modern therapeutic 
methods in general paresis [dementia paralytica] quite 
often prolong the life of a patient without enabling him 
to return to his former occupation and to resume his 
social functions. These patients put a burden on the 
community because they must be cared for in state in- 


stitutions. It has been suggested that a preliminary 
selection of patients ought to be made, to exclude from 
the benefit of treatment those patients who offer little 
chance of social recovery. From a strictly medical 
point of view this suggestion does not even deserve 
discussion. How are we going to decide whose life 
should be saved and whose sacrificed? Who can de- 
termine in every case what the end results of therapy 
will be? It is the duty of the medical profession not 
to waste time with fruitless attempts at treating late 
neurosyphilitic patients by methods that time and again 
have proved ineffective, and not to wait until clinical 
symptoms manifest themselves even to the layman. We 
cannot be held responsible when the pathologic process 
can only be arrested on a low level, because the patient 
was delivered into our care too late. Furthennore, if 
new therapeutic methods are to be tried, they should be 
applied exclusively to those patients in whom procedures 
that arc generally accepted as effective have failed, or 
to patients who are so far advanced that no therapy 
offers good prospects of recovery.” 

Dattner’s collaborators deserve much credit for main- 
taining readability in this important work. The re- 
viewer recalls some fatiguing hours spent in wrestling 
with the idiom of Dattner's previous (1933) work on 
the subject. The bibliography and index render the 
book a first rate secondary source for the researcher of 
the future who will be concerned with the malaria era 
of neurosyphilis. 


News and Comment 


AMERICAN NEUROSURGEONS INVITED 
TO THE FIRST SOUTH AMERICAN 
CONGRESS OF NEURO- 
SURGEONS 

The First South American Congress of Neurosurgery 
will be held at Montevideo, Uruguay, March 1 to 4, 
1945. An invitation to attend the Congress has been 
officially extended to North American neurosurgeons 
by the president. Prof. Dr. Alejandro H. Schroeder. 
Prof. Agdo. Dr. Roman Arana Ifiignes, Montevideo, 
Convencion 1287, is General Secretary of the Congress. 

ASSOCIATION FOR RESEARCH IN NER- 
VOUS AND MENTAL DISEASES 

The Association for Research in Nervous and Mental 
Diseases, at its annual meeting held in New York on 
Dec. 16, 1944, voted to center its program for the meet- 
ing a year hence on the subject of epilepsy and con- 
vulsive disorders. Officers for the coming year are: 
president. Dr. William G. Lennox ; vice presidents. 
Dr. H. Houston Merritt and Dr. Wilder Penfield, and 
secretary-treasurer. Dr. Thomas E. Bamford Jr. 
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BLOOD SUPPLY OF THE NERVES OF THE 
UPPER LIMB IN MAN • 

SYDNEY SUNDERLAND 

MELBOURNE, AUSTRALIA 


Investigations on the blood supply of peripheral 
nerves by Quenu and Lejars ^ (1890, 1892), 
Bartholdy2 (1897) andTonEoE" (1898, 1907). 
toward the close of the last century, extended 
the rather limited observations previously inadt? 
by Haller^ (1756), Isenfiamni and Doerffler^ 
(1768), Bichat® (1830) andHyrtl ‘ (1859,1864) 
and culminated in the publication of a series of 
papers which made available a considerable body 
of accurate information on this subject. It is 
perhaps unfortunate that these reports appeared 
at a time when interest in the peripheral nervous 
system was dominated by the problems of de- 
generation and regeneration and by the behavior 
of the apparently more active elements of the 
nerve in those processes, namely, the axis-cylin- 
der and its myelin and Schwann sheaths. As a 
resuk, any possible effect of the blood supply on 
axonal conduction, degeneration and repair failed 
to attract attention, though suggestions that oc- 
clusion of the vasa nervorum might be respon- 
sible for certain disorders of peripheral nerve 
function did appear from time to time in the lit- 
erature (Lapinsky,® 1899, and others). Thus, 
in 1907 Tonkoff was drawn to protest; 

From the Department of Anatomy and Histology 
University of Melbourne. 

1. Quenu, J., and Lejars, P. ; (a) Les arteres et 

les vemes des nerfs, Compt. rend. Acad. d. sc. Ill: 

fitude anatomique sur les vaisseaux 
sangums des nerfs, Arch, de neurol. 23:1 1892 

AT Arterien ’der 'Nerven 

Morphol. Arb. 7:393, 1897 ’ 

Arterien der Interver- 
tebralganghen und der Cerebrospinalnerven des Men- 

Sor"’ Anat. u. Physiol. 15:353. 

1«9S, (b) Die nervenbegleitenden Gefassnetze beim 
Embryo und die Arteriae nutriciae nervorum beim 
Erwachsenen, Anat. Anz. 30:471, 1907 

Va,tdS'5. W56 A. 

loco I" Oesterr. Ztschr. f. prakt. Heilk 

ISS9; cited by Tonkoff^b; (&) Denksdir. d. math - 

rSnkS.^t 1864, p. 23; cit«I 

_8. Lapmsky, M.; Ueber Veranderungen der Nerven 
bei acuter Storung der Blutzufuhr, Deutsche Ztschr 
f. Neryenh. 15:364, 1899; cited by Adams.^'’ 
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. . . den Arterien der Nerven bis jetzt zu wenig 
Beachtung geschenkt worden ist; in den Lehr- und 
Handbuchern werden sie meist ganz iibergangen Oder 
doch nur oberflachlich envahnt. 

Even as late as the great war of 1914 to 1918, 
when extensive investigations were undertaken 
for the purpose of extending knowledge of nerve 
structure and nerve function as a basis for im- 
provement in the diagnosis and treatment of the 
nerve injuries wdiich had accumulated in such 
large numbers, the possibility that the vasa 
nei-vorum might be implicated failed to arouse 
much interest. 

There are signs, however, that this defect is 
being remedied. In 1926 Ramage,® unaware of 
the contributions of Tonkoff and of Bartholdy, 
reexamined, in the light of the observations of 
Quenu and Lejars, the blood supply to the large 
peripheral nerves of the upper limb in man. The 
present world conflict has given a new impetus 
to the study of peripheral nerve injuries ; physiol- 
ogists are now appreciating the functional sig- 
nificance of the blood supply to nerves, while the 
consequences of pathologic changes in the vasa 
nervorum are not being neglected. The observa- 
tions of Quenu and Lejars, Tonkoff, Bartholdy 
and Ramage on the anatomic features of the vasa 
nervorum, however, remain the most informative 
and accurate available. 

Studies on peripheral nerve injuries at a 
military hospital in Australia have inevitably 
introduced problems requiring for their solution 
precise knowledge concerning neurovascular rela- 
tionships. Reference to the relevant literature has 
shown that previous investigations failed to pro- 
vide certain essential details relative to the 
arterial supply of individual nerves. Moreover, 
the material used in the earlier work was pre- 
dominantly fetal in type, and this suggested that 
a more extensive investigation into the supply to 
individual nerves in a larger series of adult arms 
was desirable in order to determine whether 
postnatal changes in any way modify the extra- 
neural^^ intraneural distribution of the vasa 

Nerve^oTtbpA^" Supply to the Peripheral 

i\er\es of the Superior Extremity, J. Anat. 61:198 1927 
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nen’^oruin. It may be mentioned here that the 
results of the present study indicate that there are 
no postnatal changes of any significance in the 
vascular pattern. For the purpose of checking 
the obser’\’^ations of earlier investigators and of 
extending them wherever possible in terms of 
modern I'equirements, the normal distribution 
of the vasa nervorum has been reinvestigated in a 
larger series of adult arms than has hitherto been 
examined. It is not proposed in this report to 
review iti any detail the literature on the subject. 
This has recently been covered in an excellent 
review by Adams (1942), Avhose paper also 
contains a comprehensive bibliography. 

MATERIAL AND METHODS 

Observations were made on the blood supply 
of the median, ulnar and radial nerves in adult 
human arms by means of the following methods : 

1. The extraneural features of the vasa nervorum to 
all three nerves were investigated by dissection in 37 
adult arms. An examination of the pattern in both 
arms in 8 subjects permitted a comparison of the dis- 
position of the vessels on the two sides; the remaining 
21 arms were unpaired. In each nerve the blood supply 
was examined from the origin of the nerve in the axilla 
to the distal border of the flexor retinaculum. 

2. The intraneural vascular pattern was studied 
macroscopically and microscopically. 

(o) Macroscopic study: The pattern tvas outlined by 
intra-arterial injection of colored gelatin or india ink 
in limbs freshly amputated for conditions not affecting 
the blood vessels or nerves. After the injection the 
nerves were dissected, removed, dehydrated and cleared 
in cedar-wood oil. The intraneural pattern was then 
traced by direct observation and microdissection. 

(h) l^Iicroscopic study: (1) After examination of 
the extraneural relations in the 37 specimens the nerves 
were removed and studied histologically. Ten seg- 
ments, each 1 cm. in length, were cut from the median 
and the ulnar nerve. The first segment was taken in 
the_ axilla ; the fifth, at the elbow, and the tenth, at the 
wrist. Of the remaining segments, the second, third 
and fourth were evenly spaced between the axilla and 
elbow, and the sixth, seventh, eighth and ninth, between 
the elbow and the wrist. In view of the large number 
of_ vessels usually reaching the ulnar nerve in the 
neighborhood of the medial epicondyle, this nerve was 
sectioned not only in the groove but immediately above 
and below it. In the case of the radial nerve, segments 
were taken from the axilla, at the entrance to the spiral 
groove, in the groove and in the muscular fuiTow 
between the brachioradialis and the brachialis muscle. 
The fifth, and last, section included the terminal portion 
of the nerve and the first parts of the posterior inter- 
osseous and superficial radial nerves. 

Each segment was fixed in the usual manner and 
ernbedded_ in paraffin. The transverse sections, 15 
microns in thickness, were cut from each block and 
stained with hematoxylin and eosin. This material 
gave valuable information concerning the size, type and 
disposition of the vessels in different nerves and at 
different levels of the same nerve. 

(2) The intraneural pattern was also studied by ex- 
amining transverse and longitudinal sections of fresh 
nerves, cut a t 250 microns, in which the vessels had 

10. Adams, W. E. : The Blood Supply of Nerves : 
1. Historical Review, J. Anat. 76:323, 1942. 


been outlined by Pickworth’s sodium nitroprusside 
method. 

(3) Additional information concerning the intraneural 
pattern was obtained from the examination of trans- 
verse and longitudinal sections, 250 microns in thick- 
ness, of the injected nerves. 

NOMENCLATURE 

In order to avoid any confusion concerning 
the terminology employed in describing the 
histologic features of the nen'e and its contained 
vessels, it is proposed to outline briefly the 
nomenclature employed in this investigation. 

The Vessels . — The structure, and not the size, 
of the vessel was used as the sole basis for classi- 
fication. The lumen of a vessel can be modified 
so readily b}”^ physical and chemical agencies and 
is subject to so many variations during life that 
its size was disregarded. 

A capillar}' is defined as a vessel in which endo- 
thelium is the sole component of the vessel wall. 
This endothelium is not folded. 

A precapillary, or precapillar}' arteriole, is 
lined with a layer of unfolded endothelium, out- 
side which is a simple, thin circular coat of 
smootii muscle, one to two cells in thickness. 

An arteriole has a wall composed of three 
recognizable layers. The lumen is lined with 
endothelium, external to which is an internal 
elastic membrane. Owing to the presence of this 
elastic layer, the lumen is irregularly folded. The 
intermediate layer, or tunica media, is composed 
predominantly of smooth muscle. The most ex- 
ternal layer, or tunica adventitia, is composed 
of fine fibroelastic tissue. It is thin and ill 
defined and merges without any sharp line of 
demarcation into the surrounding connective 
tissue. With the exception of the median artery, 
no vessels larger than arterioles have been seen 
in the sections of the nerves examined. 

The postcapillary venules which drain the 
capillaries have in general thinner walls than the 
corresponding precapillary arterioles, while, in 
addition, the smooth muscle coat is absent. In 
the larger adjoining venules the wall is very thin 
in relation to the size of the lumen and is com- 
posed principally of connective tissue with a 
trace of smooth muscle. The large lumen, the very 
thin wall and the predominance of connective tis- 
sue in the wall are readily identifiable features. 

The Nerve . — The intraneural disposition of 
the vessels is best expressed in terms of the in- 
ternal architecture of the nerve. The nomen- 
clature used is illustrated in figure 1 A. The 
individual nen^e fibers are collected into fasciculi, 
oval or circular on transverse section, each of 
which is surrounded by a ring of dense white 
fibrous connective tissue. This is the perineurium. 
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Fig. 1. — A', transverse section oi the median nerve in the forearm, illustrating the various features of the internal 
architecture of the nerve. Note the thickness of the intrafascicular connective tissue septums and the position of 
the median artery and intraneural vessels. B, photomicrograph of an injected specimen; X Note the relation 
of the arterioles and venules to one another at the site of entry into the nerve and the coarser features of their 
distribution within the nerve. C, photomicrograph of an injected specimen, demonstrating the intraneural vas- 
cular plexus; X 22. 
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or perifascicular sheath, and from it connective 
tissue septums pass into the fasciculus and sub- 
divide it in an inconstant and irregular manner. 
The endoneurium, which sheathes each individual 
nerA^e fiber, is derived from these septums. Ac- 
cording to current terminology, both the intra- 
fascicular septums and the connective tissue 
sheath of the neiwe fiber are to be classified as 
endoneurium. However, these septums are often 
thicker and composed of coarser fibers than the 
tissue surrounding the individual nerve fibers. 
They bring about a further refinement of the fiber 
pattern, and when the fasciculi divide they do so 
along the preformed intrafascicular septums. 
Surrounding the entire nerve, which is composed 
of a collection of fasciculi, is the external epi- 
neurium. This is a layer of areolar connective 
tissue, which is occasionally condensed but is 
more often loosely arranged. It is not always 
well differentiated from the surrounding meso- 
derm or from the open areolar tissue (internal 
epineurium) between the fasciculi. The external 
and the internal epineurium are usually referred 
to collectively as the epineurium, but in this 
paper, for reasons which will become apparent 
later, a distinction is drawn between them, the 
former being referred to simply as the epineurium 
and the latter as the interfascicular connectiA'e 
tissue. 

GENERAL FEATURES OF THE EXTRA- 
NEURAL AND INTRANEURAL 
VASCULAR PATTERNS 
As all previous investigators have pointed out, 
each peripheral nerve is abundantly vascularized 
throughout its entire length by a succession of 
vessels, the vasa nervorum, which, by their re- 
peated division and anastomosis within the nerve, 
form an unbroken intraneural vascular net. Both 
the extraneural features and the intraneural dis- 
position of the vessels were investigated, and the 
results in each case will be discussed separately. 

EXTRANEURAL PATTERN 

Classification. — Tonkoff®“ classified the vasa 
nervorum into two types : arteriae nutritiae 
nervorum and arteriae comitantes nervorum. 
According to this author, the former supply the 
nerve and its sheaths exclusively, while the lat- 
ter, though they accompany the nerve and sup- 
ply it, also send branches to neighboring extra- 
neural tissues. 

Such a classification requires modification. 
Tonkoff did not make it clear whether the 
arteriae comitantes, after coursing with the 
neiwe, terminate in it or whether their supply is 
predominantly to the nerve or to extraneural 
tissues. If the vessel is concerned principally 


with the supply of extraneural tissues and sends 
only some branches to the nerve while accom- 
panying it, the term arteria comitans nervi is 
appropriate, and the branches to the nerve be- 
come true arteriae nutritiae. If, on the other 
hand, the vessel supplies the nerve predomi- 
nantly but sends branches elsewhere before 
finally penetrating and terminating in the nerve, 
it should be regarded as an arteria nutritia nervi. 
Tonkoff 's classification, moreover, disregards the 
vessels which do not accompany a nerve but 
which send a branch or branches to it while on 
their way to other structures. Such vasa ner- 
Amrum could not be regarded as either arteriae 
nutritiae or arteriae comitantes in the sense im- 
plied b)' Tonkoff, yet they form a common source 
of nutrient vessels in the limbs. It would be 
preferable to retain the term arteriae comitantes 
as a purely descriptive term for the A^essels Avhich 
accompany the nerve for some distance irrespec- 
th'e of their participation in its A'ascularization. 

In this paper all the vessels A\diich enter the 
neiwe and terminate intraneurally Avill be re- 
garded as nutrient arteries irrespective of their 
origin and will be referred to subsequently as 
arteriae nervorum. The vessels which come 
from the main vessel of the limb, or from its 
named branches, and which supply the nerve 
exclusively will be called direct. The vessels 
Avhich come from branches destined to suppl}^ 
extraneural tissues predominantly Avill be called 
indirect. In the limbs the vessels giAung origin 
to the indirect type are invariably muscular or 
cutaneous branches. Reference to tables 1, 2. 
3 and 4. in Avhich the supply to the individual 
nei'A'es has been set out, Avill shoAV that indirect 
nutrient vessels are not commonly present. 
Tonkoff agreed that it is rare for nutrient 
arteries to come from muscular branches no mat- 
ter how close they may be to the nerve. Barth- 
oldy,- on the other hand, named them as a com- 
mon source. 

Origin . — (o) All investigators are agreed that 
the arteriae nervorum to any one nerve are de- 
ri\'ed, in an inconstant manner, from the arteries 
of the limb A\diich establish an intimate anatomic 
relation Avith the peripheral nerve or Avhich, at 
most, are not far distant from it. Since gross 
neurovascular relations in the limbs are reason- 
ably constant, each nerve comes to be supplied 
predominantly from a constant group of arteries, 
Avhich may include the main artery of the limb, 
its named branches, unnamed muscular or 
cutaneous branches or an anastomotic arterial 
loop, such as is commonly present in the neigh- 
borhood of the elboAV. Thus the ulnar nerve 
is accompanied throughout its course by a con- 
tinuous vascular pathAvay, formed in turn by the 
axillary, brachial, ulnar collateral, supratrochlear, 
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posterior ulnar recurrent and ulnar arteries, and 
it is these vessels which provide the arteriae 
nerrorum. If there is any departure from the 
normal arterial pattern, then the nerve is sup- 
plied from the nearest available channel. 

It has been established in this investigation 
that for each individual nerve there is a reason- 
ably constant group of arteries which, by nature 
of their anatomic disposition, are favorably situ- 
ated to supply the nerve and from which the 
arteriae nervorum are consequently derived. 
Despite the presence of this reasonably constant 
vascular pathway, both the number and the pre- 
cise origin of the arteriae nervorum arising from 
the vessels composing it vary considerably, as is 
well illustrated in the tables 1, 2, 3 and 4, setting 
out the extraneural supply to the individual 
nerves. Not only does the extraneural pat- 
tern vary from subject to subject, as 
has already been pointed out by Bartholdy, but 
the arrangement is also asymmetric on the two 
sides of the body. Nevertheless, it is important 
to keep in mind that these variations do occur 
along a reasonably constant vascular pathway. 

All investigators, with the exception of Quenu 
and Lejars, have agreed on the inconstancy of 
the number and origin of the arteriae nervorum. 
This inconstancy is such a characteristic and 
obvious feature that it is perhaps conceivable 
that when Quenu and Lejars stated “chaque 
tronc nerveux regoit ses arteres d’origines 
constantes,” they had in mind not a constant 
formula for the arteriae nervorum themselves, 
but a constant S5^stem of major vessels from 
which the nutrient arteries took origin in serial 
fashion down the arm. However, there is noth- 
ing definite in their account to support such an 
interpretation. 

(&) Though the site of origin is variable, there 
are certain regions where nerves habitually re- 
ceive nutrient arteries, such as at the elbow, in 
the case of the ulnar nerve, and in the spiral 
groove, in the case of the radial nerve. 

(c) When several arteriae nervorum arise 
from any one vessel participating in the forma- 
tion of the accompanying vascular chain, it is 
unusual to see their origins evenly spaced along 
the present artery. On occasion there is a 
tendency for clustering to occur at certain points 
on the nerve. 

(d) Roux^^ established certain rules relating 
to the branching of arteries. One of these states 
that “all branches which are so small that they 
scarcely seem to weaken or diminish the main 
stem come off from it at a large angle, from 

11. Roux, W., cited by Thompson, D. W. : On the 
Form and Branching of Blood Vessels, in Growth and 
Form, London, Cambridge University Press, 1917 
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about 70° to 90 °.” In general the arteriae ner- 
vorum fall into this class and conform to this 
principle. Occasionally, however, it was noted 
that a vessel first crossed a nerve before giving 
off a nutrient branch, which, in order to reach 
the nerve, traveled in a direction opposite that 
taken by the parent vessel. Such recurrent 
branches were given off at an angle exceeding 
90 degrees. 

Number and Sie;e . — All authors have agreed 
that the arteriae nervorum are inconstant in both 
number and size. Bartholdy and Petrovits and 
Szabo^- (1939) denied that there is any rela- 
tion between these two morphologic features, 
though Ramage ° stated that when the vessels 
are smaller they tend to be more numerous. The 
results of the present investigation suggest that 
there is a relation between the number and the 
size of the arteries, and for this reason the two 
variables will be considered together. 

(o) The number of nutrient arteries to any 
particular nerve varies considerably not only 
from subject to subject but on the two sides of 
the body. Bartholdy’s^ observation that larger 
nerves do not necessarily receive more vessels 
than do smaller nerves was confirmed in my 
study. 

(b) Nerves may run considerable distances 
without receiving a nutrient vessel, the circulation 
being maintained by large descending intraneural 
channels. Thus, the median and ulnar nerves 
were seen free of entering vessels between the 
axilla and the elbow, nourishment over this 
length of the nerve being provided by large intra- 
neural channels descending from arteries which 
had entered the nerve high in the axilla. 

(c) Despite the variability in the number, site 
of origin and site of entry into the nerve of the 
arteriae nervorum, their disposition may be such, 
particularly in certain regions, that it is impos- 
sible to free the nerve from the surrounding tis- 
sues for more than a few centimeters without sac- 
rificing some of the vessels supplying it. 

(d) The caliber of the nutrient arteries fluc- 
tuates over wide limits. The largest such artery 
dissected in the arm measured 1 mm. in diameter, 
while the smallest could best be described as 
threadlike and required the aid of dissecting 
spectacles to trace it to the nerve. Bartholdy ^ 
stated that a diameter of 1 mm. is rarely ex- 
ceeded, while the largest artery recorded by 
Tonkoff was 0.5 mm. in diameter. Bartholdy ^ 
denied that larger nerves receive larger arteries 
than smaller nerves. Though it is true that 
larger nerv es do not necessarily or invariably 

12. Petrovits, L., and Szabo, Z.: Die arterielle Ver- 
sorgung der Gliedmassennerven, Anat. Anz. 88:392, 1939 



96 


ARCHIVES OP NEUROLOGY AND PSYCHIATRY 


receive larger arteries, it was observed that the 
largest vessels present run to the largest nerves. 
For example, the arteries from the perforating 
arteries to the sciatic nerve are conspicuous for 
their size. Ramage’s ® observation that the 
largest arteriae nervorum in the upper limb are 
present in the upper portion was confirmed. 

{e) Both the size and the numher must be 
taken into consideration when one is estimating 
the relative vascularity of different segments of 
the same nerve and of corresponding segments of 
different nerves. Macroscopic and microscopic 
investigations suggested that the two are in- 
versel)'^ related, but no measurements were 
taken of the capillary bed to confirm or disprove 
this assumption. The important function of the 
arteriae nervorum is the maintenance of the intra- 
neural vascular plexus, and this may be accom- 
plished in a variety of ways. If a large vessel, 
or vessels, enters the nerve, the plexus will be 
maintained for a considerable distance before re- 
enforcement becomes necessary. Thus, the 
median nerve has been seen extending from the 
axilla to the cubital fossa without receiving a 
single nutrient artery. Section of such a nerve 
reveals the presence of large descending intra- 
neural channels derived from a vessel, or vessels, 
which enter the nerve in the axilla and which are 
sufficiently large to maintain a functionally effec- 
tive pattern as far as the elbow. If, however, a 
small vessel enters the nerve, the process must 
be repeated at short intervals to achieve the 
same result. Consequently, under the latter con- 
ditions there is a rapid succession of many small 
vessels entering the nerve, though these need 
not be evenly spaced or of equal size. The size 
of the first branches to enter a nerve appears to 
determine the subsequent size and number of the 
branches entering it at more distal levels, 

(f) The observation of Petrovits and Szabo 
that the proximal portion of the nerve receives 
more, larger and longer nutrient arteries has not 
been confirmed. 

{g) Most investigators claim that the number 
of arteries supplying a given length of nerve in- 
creases as the nerve passes distally. According 
to Bartholdy,^ this is due to the fact that at distal 
levels the nerve enters regions of greater vascu- 
larity. Reference to the tables giving the number 
of arteries supplying the various nerves along 
their course shows that such an increase in num- 
ber at distal levels was unusual in the case of the 
median nerve and was present in only approxi- 
mately SO per cent of the ulnar nerves examined. 

Length . — The size and length of the arteriae 
nervorum were observed to be independent fea- 
tures, though Bartholdy = asserted that they were 


proportional to one another. The length appeared 
to be determined solely by the proximity of the 
parent vessel to the nerve — the closer the parent 
artery the shorter the nutrient branch. 

In general, the arteriae nervorum are short, 
running a course of from R; to inch (0.63 to 
1.27 cm.) before reaching the nerve, but on 
occasion, particularly in the supply from the 
radial artery to the median nerve in the forearm, 
branches up 1 inch (2.54 cm.) in length are 
present. 

Short, stout nutrient arteries can securely 
anchor a nerve to a neighboring vascular channel 
and render its mobilization less easy than one 
would expect. This, for example, is seen at the 
medial epicondylc and in the distal half of the 
forearm, where the ulnar nerve is often securely 
attached, in the manner described, to the ulnar 
collateral-posterior ulnar recurrent anastomosis 
and the ulnar artery respectively. 

Course . — The vessels take the most direct 
route to the netw^e and are therefore straight or 
gently curved ; it is unusual to see them running 
a tortuous course. They establish contact with 
the nerve on that aspect which is directed toward 
the accompanying parent vascular channel, and 
only rarely on the side opposite it. These obser- 
vations confirm those originallv made by Bar- 
tholdy .- 

Occasionally, however, a muscular branch, 
after having crossed the nerve on its wa)' to its 
destination, gives off a recurrent nutrient twig, 
which runs back to enter the nerve on the aspect 
opposite that at which the direct nutrient arteries 
were entering. This was seen most commonly in 
the forearm, particular^ toward the wrist, where 
muscular branches of the radial and ulnar arteries 
first crossed the median and ulnar nerves before 
sending a supply back to them. 

Behavior of Artery on Reaching the Nerve . — 
Bartholdy " gave a detailed account of the man- 
ner in which the arteriae neiworum behave when 
they approach or establish contact with the neiwe 
they are destined to supply. The results of the 
present investigation are represented diagram- 
matically in figure 2, and they are in general 
agreement with the observations of Bartholdy. 

1. The vessel plunges immediately into the 
nerve without any preliminary extraneural 
branching. The vessel may enter at a right angle 
or at an acute or an obtuse angle (i, e., against 
the direction in which the neiwe is traveling). 
Quenu and Lejars,^** on the contrary, stated that 
an artery never plunges directly into a nerve but 
always divides before penetrating it, while, in 
their opinion, nutrient arteries never enter the 
nerve at right angles. 
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2. The vessel turns distally on or at a varying 
distance from the surface of the nerve and forms 
a superficial descending longitudinal channel of 
supply which enters the nerve after a varying 
course or anastomoses on the surface at more 
distal levels with newly added vessels. Bar- 
tholdy - did not mention this form. 

3. The vessel may descend on the surface of 
the neri-e and then leave, giving off penetrating 
vessels while accompanying the nerve. Hyrtl’s 
observation that once an artery joins a nerve 
it never leaves it has not been confirmed. 
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of a superficial longitudinal channel, from which 
the intraneural vessels are in turn derived, or 
one or both branches may behave in the manner 
described in section 3. In agreement with the 
observations of Quenu and Lejars^^ and Ton- 
koff/'‘ this T-shaped division is the most common 
pattern assumed by a nutrient artery when it 
reaches the nerve. 

(c) The vessel may divide in spray fashion 
adjacent to or on the nerve. The radiating 
branches then adopt one of the patterns already 
outlined. Such a pattern was recorded by Quenu 
and Lejars and by Petrovits and Szabo.’-^ 



Fig. 2.— Diagram illustrating the manner in which the arteriae nervorum behave as they approach or establish 
contact with the nerve. 


4. The nerve may be supplied from an arterial 
loop in the manner indicated in figure 2. 

5. The nutrient artery divides on or at a 
varying distance from the nerve. The branches 
then behave as follows : 

(a) Both branches descend on the surface, 
thereby outlining parallel longitudinal channels 
in the epineurium. It is rare to see both branches 
ascending on the surface. 

(b) The branches separate to outline ascend- 
ing and descending channels, which may be of 
equal or of unequal size— if they are unequal, the 
descending channel is usually, but not invariably, 
the larger of the two. The branches may, in 
turn, enter the nerve and assist in the formation 


Bartholdy - referred to this form but stated that 
he had never seen it. 

6. Occasionally an artery may perforate a 
nerve on its way to supply another structure, but, 
as Bartholdy has already pointed out, such a per- 
forating vessel may or may not supply the nerve 
as it passes through it. Such an arrangement is 
commonly seen in the posterior tibial nerve in 
the distal third of the leg. 

7. Two vessels are occasionally seen to enter a 
nerve at the same level. 

8. When large nerve trunks run in close 
proximity to each other, notably in the axilla, it 
is common to see a nutrient artery dividing to 
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supply two or more nerves (fig. 3). The only 
other reference to such an arrangement is that 
made by Tonkoff.^'' 

INTRANEURAL VASCULAR PATTERN 

It is common to see, particularly in the upper 
part of the arm, one or several longitudinally 
directed macroscopic vessels on the surface of a 
large peripheral nerve. These vessels, which are 
arteriolar in t3'pe, anastomose with similarly dis- 
posed vessels at moi'e distal levels to outline a 
superficial vascular chain, or chains, of r^ariable 
length. They run in the epineurium, and from 
them branches enter the nerve. Precapillaries 
and capillaries may enter the epineurium directly, 
but these vessels are too small to be detected by 
dissection. If present, they are more likely to be 
restricted to the epineurium and the interfascicu- 
lar connective tissue. Transverse or oblique 
anastomoses may occasionally link these longi- 
tudinal channels on the surface, but, as Quenu 



Fig. 3. — Diagram of a dissected specimen illustrating 
the manner in which one nutrient arter\’ maj’ supply 
more than one nerve. 


and Lejars have already observed, they are 
not a feature of the pattern, and any superficial 
nets so outlined are large meshed. In 2 cases, 
however, a dense plexus was seen extending along 
the entire length of the ulnar nerve in the upper 
arm. In each instance this plexus was reenforced 
at frequent intervals by numerous small vessels 
which emerged from the muscles on which the 
nerve was descending. Such an anastomotic 
maze has also been seen on the median nerve 
in the forearm. 

A vessel, on entering a nerve, may be distrib- 
uted in one of several ways. In this investigation 
the various intraneural patterns of division ob- 
served, irrespective of the origin of the vessel, 
closely resembled the patterns already described 
for the vessel as it approachced the nerve exter- 
nalty. The fanlike distribution referred to by 
Barthold)^ - and by Petrovits and Szabo was 
seen, but, as Bartholdy admitted, this arrange- 
ment is uncommon. 

Bartholdy - expressed the opinion that if the 
nutrient arter)"^ enters the nerve without any pre- 
liminary extraneural branching it divides almost 


immediately into an ascending and a descending 
branch, which may be of equal or of unequal 
caliber ; in the latter event the branch which con- 
tinues in the direction of the parent channel is 
the larger. If, on the other hand, the nutrient 
artery has already divided external to the nerv'e, 
its penetrating branches undergo no further divi- 
sion into ascending and descending branches 
within the nerve but turn, following the direc- 
tion in which they entered, parallel with the 
longitudinal axis of the nerve. Bartholdy there- 
fore concluded that every nutrient artery, before 
breaking up into its finer branches, divides at 
least once, inside or outside the ner\^e, into an 
ascending and a descending branch. I have been 
unable to confirm such a generalization. 

From these penetrating arterioles are derived 
the intraneural arterioles, precapillaries and capil- 
laries which, by their repeated division and anas- 
tomosis, outline a continuous longitudinal intra- 
neural vascular net which extends the length of 
the nen-e (fig. IB and C). HolP=> (1880), 
Zuckei’kandl “ (1885), Makins (1919) and 
others described the occasional utilization of this 
longitudinal intraneural anastomosis in the estab- 
lishment of a collateral circulation in the limbs. 

It is rare for an arteriole on entering a nen^e to 
plunge immediately into a fasciculus — a feature 
which did not escape the notice of Quenu and 
Lejars.^*" In general the smaller penetrating 
arterioles rapidly diminish in size and are soon 
lost in the intraneural plexus. The larger arteri- 
oles, on the other hand, descend in the interfasci- 
cular spaces and retain their identity and 
dimensions, despite repeated branchings, over 
varying, but often extensive, lengths of the nerve 
before they are in turn finalh- absorbed in tlie 
plexus or are reenforced by a newly entering 
vessel. They may pursue a vertical, oblique, ir- 
regular or mildly tortuous course as they descend. 
The branching of these penetrating arterioles in 
the interfascicular tissues results in the formation 
of a series of longitudinally disposed channels, 
arteriolar or precapillar)' in type, which are 
linked at irregular intervals by transverse or 
oblique anastomoses. These epineurial and inter- 
fascicular arterioles and precapillaries represent 
the largest vessels observed in the nerve and form 
the basis of the intraneural vascular pattern. 

13. Holl, M. ; Verrenkung cles liiiken Ellbogen- 
gelenkes mit Zerreissung der A. ulnaris und der N. 
medianus und ulnaris, Med. Jahrb. 10:151, 1880: cited 
by Tonkoff.3 

14. Zuckerkandl, O. : Zwei Falle von Collateral- 
kreislauf, Med. Jahrb. 15:273, 1885; cited by Tonkoif sa ; 
cited by Poirier, P., and Charpy, A. : Traite d’anatomie 
humaine, ed. 2, Paris, Masson & Cie, 1909, vol. 3, p. 633. 

15. Makins, G. H. : Gunshot Injuries to Blood- 
Vessels, Bristol, J. Wright & Sons, 1919. 
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The variEtion in number of the iiitei fascicular 


From them, finer branches pass directly into the 
fasciculi, or to the perineurium, from which they 
subsequently enter the fasciculi. These branches, 
which are capillary and precapillary in type, are, 
in turn, longitudinally disposed in these situa- 
tions. Capillaries predominate in the fasciculus 
and precapillaries in the perineurium; the ter- 
minal intrafascicular capillary meshwork is es- 
tablished by their repeated branching and anas- 
tomoses. Inside the fasciculus the vessels are 
localized to the intrafascicular connective tissue 
septums. The statement by Adams that the 
capillary plexuses alone extend into the endo- 
neurium is incorrect (fig. 4C). 

Thus it is customary to find four systems of 
vessels disposed parallel with the longitudinal 
axis of the nerve. The vascular systems in the 
epineurium and in the interfascicular tissues are 
composed of arterioles and precapillaries, while 
the vessels in the perineurium and in the fasciculi 
are composed of capillaries and precapillaries. 
These longitudinally directed channels repeatedly 
\ give off side branches, more or less at right 
Wangles, in all directions at frequent, but irregu- 
^lar, intervals. These branchlets, in turn, divide 
and redivide in a similar manner and finally 
anastomose to give a terminal vascular net com- 
posed of rectangular meshes, which tend to be 
alined in the longitudinal axis of the nerve. 

Serial histologic sections demonstrate that the 
number, size and position of the longitudinally 
directed interfascicular vessels vary from one 
level to another. One or several vessels may be 
noted in this situation (fig. 4 A, B and C). 
When several vessels are present, one is usually 
larger than the others. The relation between size 
and number observed in the extraneural distribu- 
tion also obtains for the interfascicular arteriolar 
pattern. Thus, there may be one large inter- 
fascicular arteriole, many small ones or a combi- 
nation of vessels of varying size. 

Observations suggest that the larger the nerve 
trunk the larger are the arterioles it carries. 

No single vessel was observed to dominate the 
pattern over the entire length of the nerve. In 
the case both of the median and of the ulnar 
nerve a large vessel, located on the inner surface 
of the nerve, has occasionally been observed de- 
scending from the axilla to the elbow without 
interruption and without any alteration of posi- 
tion. This must be regarded as uncommon, for 
it is more usual for the major intraneural chan- 
nel of one segment to be replaced as the nerve 
descends by a newly entering arteriole. 

16. Adams, W. E.: The Blood Supply of Nerves: 
II. The Effects of Exclusion of Its Regional Sources 
of Supply on the Sciatic Nerve of the Rabbit, T. Anat 
77:243, 1943. 


arterioles is due to the repeated division of a 
large arteriole or to the entrance of new vessels. 
Both factors influence the number of vessels 
present at any particular level. However, it was 
not possible to ascertain with certainty whether 
the site of redistribution of the nerve fibers and 
the formation of additional, but smaller, fasciculi 
are related to the site of entry of new vessels or 
to the division of vessels already contained with 
the nen'^e (fig. 5). 

The variation in position is determined not 
only by the entrance of new vessels but by the 
alteration in position of interfascicular vessels 
already descending in the nerve. Such an altera- 
tion in position appears to be influenced to some 
extent by the regrouping of the nerve fibers, 
which results in a modification of the intraneural 
fascicular pattern (fig. 5). 

There is a general tendency, as Ramage ^ 
originally pointed out, for the largest vessels to 
be arranged toward the center of the nerve in the 
forearm and at the periphery in the upper arm. 
There are exceptions to such a generalization 
(fig. 4 A and B), the most notable being the 
median artery, which usually descends on the 
surface of the median nerve in the forearm. 

Though the interfascicular arteriolar pattern 
varies from level to level, from side to side and 
from subject to subject, the manner of forma- 
tion and the structure of the terminal intra- 
fascicular capillary meshwork strongly suggest 
that the blood supply to individual nerve fibers 

is, on anatomic grounds at least, substantially 
the same. 

As the nerve branches, the vascular net be- 
haves accordingly, and a vascular net commen- 
surate with the size of the branch separates with 

it. The neural and vascular divisions are often 
seen for some distance proximal to the point 
where actual separation takes place. It is to be 
noted, also, that after the branches of nerves 
have completely separated from the parent nerve 
they may receive separate nutrient arteries. 

The manner in which the intraneural pattern 
is maintained and reenforced is of fundamental 
importance. A characteristic feature is the con- 
siderable overlap of supply which obtains be- 
tween nutrient arteries entering the nerve at 
different levels. This makes it extremely diffi- 
cult to determine how much of a nerve is sup- 
plied by a single nutrient artery. The arrange- 
ment seems to be such that no vessel can be 
said to supply a precise and discrete segment 
of a nerve, as some authors have claimed. 
Petrovits and Szabo alone described the 
arteriae nervorum as “end arteries.” Other 
authors, however, while admitting the existence 
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Fig. 4. — ^/4, transverse section of the median nerve in the upper arm ; X 29. Note the relation of the vessels 
to the components of the nerve and the presence of a peripherally situated major arteriole. B, transverse sec- 
tion of the ulnar nerve in the upper arm ; X 38. Note the relation of the vessels to the components of the nerve 
and the presence of a centrally situated major arteriole. C, transverse section of the ulnar nerve in the up^ier 
arm; X 27. Note the presence of a large precapillarv inside a fasciculus. 
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of longitudinal anastomosing channels, stated 
that each nutrient artery dominates the intra- 
neural circulation in its own region. Whether 
or not this is so remains to be established by 
experimental investigations into the functional 
significance of the supply. The physiologic evi- 
dence at present available is inconclusive. 
Adams recently investigated the effects of 
exclusion of the regional sources of the vascular 
supply on the sciatic nerve of the rabbit. He 



Fig. 5. — Diagram illustrating the manner in which 
the number, size and position of the intraneural arterioles 
vary along the course of the nerve. 


claimed that such exclusion resulted, in all but 
2 cases, either in no or in limited and insignifi- 
cant degeneration. In the 2 cases extensive 
degeneration occurred, but Adams was uncer- 
tain whether this was to be attributed to manip- 
ulation of the nerves or to a variation in their 
intrinsic vascular pattern. Both the overlap and 
the profuse and extensive character of the anas- 
tomoses render such a conception extremely 
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unlikely. Admittedly, there are instances, 
though they are uncommon, in which one vessel 
supplies long stretches of a nerve without reen- 
forcement, but it has been demonstrated in sec- 
tioned and injected material that even under such 
apparently adverse conditions of supply the 
anastomosis is of such dimensions at the pe- 
ripheral limits of the solitary channel that seg- 
mental ischemia due to the blocking of such a 
single vessel is a remote possibility. During 
this study nerves were frequently stripped at 
operation of all surrounding connections for dis- 
tances up to 10 cm., yet when the nerve was 
divided distally, the cut end of the freed segment 
continued to bleed profusely. The results may 
be serious, however, if all the vessels to the 
nerve are affected simultaneously in a general- 
ized sclerosing condition. The establishment of 
an effective collateral circulation is then no 
longer possible, and the conducting elements 
consequently suffer. Again, compression of a 
length of nerve by a pressure exceeding the 
arterial pressure prevents blood from entering 
the compressed segment. Under these condi- 
tions, however, it is difficult to determine whether 
the effects of such an experimental procedure 
are due to the local ischemia or to the pressure 
whereby it is produced. 

VEINS 

Quenu and Lejars alone carefully examined 
the venous drainage of the peripheral nerves. 
They studied in turn, the veins of the cutaneous 
nerves, the veins of the deep nerves and the 
veins of the nerve plexuses and recorded the 
following observations ; 

1. The main cutaneous nerves almost always 
accompany a large subcutaneous vein. Never- 
theless, the veins of the cutaneous nerves drain 
predominantly into muscle veins beneath the 
deep fascia. These authors claimed that any 
drainage to the subcutaneous venous sykem is 
insignificant, 

2. The veins of the deep nerves always drain 
to muscular veins or to the venous plexus in the 
wall of a neighboring artery. They never drain 
to the principal vein, or veins, accompanying the 
artery. Quenu and Lejars claimed to have 
demonstrated an intimate relation between the 
veins of the muscles and the veins of the nerves 
by which the two form a neuromuscular venous 
system. They attributed a functional signifi- 
cance to this arrangement and claimed that the 
muscular contractions which aid the venous 
drainage of the muscles automatically aid the 
venous drainage of the nerves. 

3. The veins draining the nerve plexuses 
empty into collateral venous channels which have 
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a muscular origin. It is claimed that the neuro- 
muscular venous relations are the same as venous 
relations described for the large peripheral 
nerves in the limbs. 

4. The mode of emergence of veins from the 
nerve and the intraneural venous pattern corre- 
spond essentially to the arterial arrangement. 
The arteries and the veins enter and leave to- 
gether. 

The following additional observations were 
made in the present investigation: 

1. Venules are the largest venous vessels seen 
in and leaving the nerve. 

2. In general, the structure of the intraneural 
venous pattern corresponds to the arterial ar- 
rangement. Venules and arterioles do not al- 
ways run together, however, either inside or 
outside the nerve, while counts suggest that the 
number of interfascicular venules slightly ex- 
ceeds the number of arterioles. 

3. Bichat® claimed that in the larger nerves 
the emerging veins bear a resemblance to the 
cerebral veins in that they leave the nerve inde- 
pendently of the entering arterioles. This 
arrangement, though commonly seen, is by no 
means invariable, for veins and arteries fre- 
quently leave and enter the nerve at the same 
time. 

4. The number of venules leaving the nerve 
does not always correspond with the number of 
arteries entering the nerve. 

5. It is not uncommon to see two veins emer- 
ging from the nerve, one on each side of an 
entering artery. 

6. Though the mode of termination of veins 
from deep nerves, as described by Quenu and 
Lejars, is common, large emerging veins have 
been repeatedly seen entering the principal 
veins. 

7. Observations on the venous drainage of 
the cutaneous nerves have been limited, but 
they suggest that, though the arrangement de- 
scribed by Quenu and Lejars is the more usual, 
a drainage into the subcutaneous venous system 
is not as uncommon as they claimed. 

BLOOD SUPPLY OF THE MEDIAN, 
ULNAR AND RADIAL NERVES 

Though the papers of Quenu and Lejars,^*’ 
Bartholdy,- Tonkoff ® and Bourguet all con- 
tain references to the blood supply of individual 
peripheral nerves, these reports lack the detail 
provided by Ramage,® who confined his investi- 
gation to an examination of the blood supply to 

17. Bourguet, M. : Des vasa nervorum, Compt. rend. 
Soc. de biol. 77:656, 1913. 


the large peripheral nerves in the upper limb. The 
results of the present study will first be described 
and then compared with the observations pre- 
viously reported. 

MEDIAN NERVE 

The source and number of the arteriae ner- 
vorum in the dissected specimens are set out in 
table 1. The supply recorded as coming from 
the axillar}'^ artery includes the vessels which 
reached the nerve, not directly, but by descend- 
ing along one or both roots. 

Axilla and Upper Portion of Arm . — The neiwe 
was accompanied as far as the elbow by an ar- 
terial channel composed of the axillary and 
brachial arteries, both of which supplied the 
nerve. The axillary artery constantly supplied 
the nerve, either directly or on occasion, from its 
acromiothoracic, lateral thoracic and subscapular 
branches. In only 1 case did the brachial artery 
fail to supply it.- Toward the lower part of the 
upper portion of the arm branches were also oc- 
casionally received from the ulnar collateral and 
supratrochlear arteries. 

In 20 of the 37 specimens the nerve received 
from a variable source, but usually from the 
axillary artery itself, a large nutrient twig into 
the forked union of the two roots. This nutrient 
artery formed the subject of a paper by Robin- 
son (1910), in two thirds of whose series of 
cases it was present. He described the vessel as 
extending in some cases as far as the elbow with- 
out any reenforcement. This was seen only once 
in my series. Tonkoff is the only other investi- 
gator to mention the “arteria nutritia nervi 
mediani prima,” and he attached great importance 
to it. 

Ramage ” listed arteriae nervorum . coming 
from the axillary (inconstantly, one to two 
branches), the brachial (constantly, one to four 
branches) and the supratrochlear (occasionally, 
one branch) artery and/or their branches. Bar- 
tholdy ” gave the supply as coming from the 
axillary, brachial (five to ten branches), bicipital 
and supratrochlear arteries. Tonkoff claimed that 
the supply is derived from the axillary, brachial 
(one to four branches), bicipital (frequently one 
branch) and supratrochlear (one to two 
branches) arteries. Quenu and Lejars stated 
that the median nerve receives branches from 
the brachial and the supratrochlear artery. They 
gave no details but stated that the supratrochlear 
almost always sends it a branch. According to 
Bourguet, the brachial artery gives off only a 
small number of branches to the nerve in the 

18. Robinson, R. : Les vaisseaux de la fourche du 
nerf median, Compt. rend. Acad. d. sc. 151:535, 1910. 
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upper part of the arm, and these branches have 
long intraneural courses. He expressed the belief 
that almost the entire brachial portion of the 
nerve is nourished b)^ a single nutrient artery. 
In the light of the present obsei-vations and re- 
sults of other investigators, this must be regarded 
as being unusual. 

Cubital Fossa . — In the cubital fossa the nerve 
was related to the termination of the brachial 
artery, the first part of the radial and ulnar ar- 
teries and the common interosseous, anterior 
interosseous and anterior ulnar recurrent arte- 
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Thus the vascular relations are not so intimate as 
in the upper arm, but this lack of a suitably 
placed major limb artery is frequently compen- 
sated for by the presence of the median artery, 
which accompanies the nerve down the foreram. 
This investigation confirmed Tonkoff's observa- 
tion that the nutrient arteries in the forearm vary 
in number with the development of the median 
artery, which supplies the nerve exclusively if it 
is strongly developed. This vessel, which was 
present in 27 specimens, may take origin from the 
ulnar, the common interosseous, the anterior 


Table 1. — Arterial Supply of the Median Nerve 
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* A-Th. indicates the acromiothoracic; L.Th., the lateral thoracic, and Subs., the subscapular artery. 


ries. Nutrient vessels to the nerve were traced 
from one or more of these arteries or their 
branches. 

Forearm . — No artery constantly supplied the 
nerve in the forearm. V essels were traced to the . 
nerve from the ulnar, radial, common inter- 
osseous, anterior interosseous and median 
arteries, and occasionally also from their muscular 
branches. 

In the forearm the median nerve descends 
with the radial and ulnar arteries . well to its 
lateral and medial sides respectively and with 
the anterior interosseous artery on a deeper plane. 


ulnar recurrent or the anterior interosseous 
artery or one of their large muscular branches. In 
this series it conformed to one of two basic types. 
In the majority of cases (17 out of 27) it ter- 
minated by entering the nerve after pursuing 
a course of variable length on or near its surface. 
In the remaining cases the vessel did not enter 
the nerve but ran on or adjacent to it before 
finally entering the hand or the flexor muscles 
on the distal part of the foreai'm. As the median 
artery descended on or near the nerve, it gave 
one or more branchlets to the nerve before 
finally penetrating or leaving it. Ramage stated 
the opinion that eacli branch of the median 
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artery to the nerve is a separate nutrient ves- 
sel. It is preferable, however, and more in 
keeping with the basic nature of the supply, to 
regard this vessel and any branches it may give 
to the nerve externally as a single nutrient sys- 
tem. Arrangements such as have been described 
for this chairnel are frequently present else- 
where in the limb and have already been 
described as types 2 and 3 in the previous sec- 
tion, which deals with the behavior of the nutri- 
ent vessel on its approaching the nerve (fig. 2). 
Since in these positions the nutrient artery and 
its branches have been considered as a single 
channel, there can be no justification for de- 
parture from this practice in the case of the 
median artery. 

In 3 of 10 specimens in which the median 
arter}"^ was absent the nerve received its last 
nutrient artery in the cvrbital fossa. 

At the wrist, the radial and ulnar arteries 
come slightly closer to the nerve as the fore- 
arm narrows, and this is the region where 
these vessels or their branches most commonly 
supply the median nerve. 

Ramage listed arteriae nervorum coming in- 
constantly from the radial (one to four 
branches), ulnar (one to four branches), an- 
terior ulnar recurrent (one to two branches), 
anterior interosseous (one to three branches) 
and median arteries, and in 1 specimen the 
nerve received a single branch from the super- 
ficial volar artery. Bartholdy gave the supply 
as coming from the radial and ulnar arteries, 
from the anastomoses of these two arteries and 
from the anterior ulnar recurrent, anterior in- 
terosseous and median arteries. According to 
Tonkoff, the supply in the forearm is derived 
from the “cubital,” ulnar, anterior ulnar I'ecur- 
rent and median arteries, from the muscular 
branches of the anterior interosseous and radial 
arteries and from the anastomoses between the 
radial and the ulnar artery. Quenu and Le- 
jars ^ described branches coming from the an- 
terior ulnar recurrent, radial and median 
arteries. Bourguet stated that the ulnar artery 
sends a special branch to accompaity the nerve, 
from which a series of arteriae nervorum arise, 
each of which has a limited area of distribution 
in the nen'^e. Such a localized distribution has 
not been confirmed. 

Comment. — There is, among investigators 
who have submitted the arterial supply to a 
detailed examination, general agreement con- 
cerning the vessels from which the arteriae 
nervorum are derived. All are of the opinion 
that the supply from the brachial artery pre- 
dominates in the upper arm. This is only to 
be expected when one considers that the vessel 


accompanies the nerve throughout its course in 
this region. 

In general the number of nutrient arteries re- 
corded in this investigation as reaching the 
nerve in the upper portion of the arm exceeds 
the number given 'by either Ramage or Tonk- 
off. The figures correspond with those reported 
by Bartholdy. Though large nutrient arteries 
are seen in the forearm, the largest observed, 
with the exception of the median artery, usually 
occur in the upper arm. 

Ramage’s observation that the number pass- 
ing to the nerve in the forearm exceeds the 
number reaching it in the upper arm has not 
been confirmed. The variable size of the median 
arteiy and the irregular manner in which it 
supplies the nerve and terminates in relation 
to it, however, render difficult any comparison 
between the number of vessels received in the 
up}>er arm and that received in the forearm. 
For reasons already set out, it is proposed, un- 
like Ramage, to regard the median artery and 
its arteriae nervorum as a single nutrient sys- 
tem. In this investigation it has been deter- 
mined that even if the branches of this artery 
to the nerve are regarded as separate nutrient 
vessels, the number received by the nerve in 
the upper arm would, in the majority of cases, 
still exceed the number received in the forearm. 
There seems no doubt that the smaller number 
of nutrient arteries received in the forearm is 
due to the absence of large neighboring channels 
of supply. As has already been pointed out. 
this is compensated for by large descending in- 
traneural vessels or by the addition of a specific 
nutrient vessel, the median artery, which in the 
majority of cases in which it is present ends 
within the nerve. It is to be stressed, however, 
that the number of vessels passing to a nerve 
is, in the absence of additional data, of little 
significance in estimating the blood supply of 
that nerve, and studies devoted to this feature 
alone are likely to be misleading. 

It is interesting to note the higher incidence 
of the median arteiy in fetal, as opposed to adult, 
material in Ramage’s series. 

ULKAR XERVE 

The ulnar nerve is accompanied through- 
out its course by a continuous arterial chain 
derived, in turn, from the axillary, brachial, 
ulnar collateral, supratrochlear, posterior ulnar 
recurrent and ulnar arteries. It is from this 
arterial system that the blood supply of the ulnar 
nerve is derived. The source and number of the 
arteriae nervorum are set out in table 2. In this 
table the supply recorded as coming from the 
axillary artery includes the vessels which passed 
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to the medial cord of the plexus and which could 
be traced distall)^ into the ulnar nerve. Though 
it is possible to predict with some degree of cer- 
tainty from which vessels the supply will be de- 
rived, it is not possible to foretell, as is clearly 
brought out in table 2, how many arteriae ner- 
vorum the nerve will receive, the numerical con- 
tribution of each individual vessel in the system 
or at what point they will branch from the parent 
vessel. 

Axilla and Upper Poi'tion of Arm . — In this 
region the axillaiy artery or its branches con- 
stantly supplied the nerve, as did the ulnar col- 


artery in every case. According to Bartholdy 
the nerve is supplied from the axillary artery, the 
brachial artery and its muscular branches and 
the ulnar collateral artery. The latter stated that 
as long as the nerve is near the brachial artery it 
is supplied from its muscular branches, and only 
rarely directly from the artery itself, but this is 
an observation that has not been confirmed by 
any other investigator. On the other hand, his ob- 
servation that there are long stretches of the 
nerve in the upper arm which do not receive any 
arteries has been confirmed. Ramage in 25 speci- 
mens listed the nerve as being supplied by the 
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* Ach indicates the anterior circumflex humeral, and Subs., the suhscapular artery. 


lateral artery in every specimen but one, while the 
brachial and supratrochlear arteries supplied it 
only irregularly. In the majority of specimens 
the main source of supply was from the ulnar 
collateral artery. When nutrient branches from 
this vessel were absent or few the nerve was 
nourished b}" large channels descending intra- 
neurall)'^ from the axilla. Occasionally the 
arteria profunda brachii and a high radial artery 
obtained a sufficiently intimate relation to the 
nerve to supply it, 

Tonkoffi described arteriae nervorum from the 
axillary and ulnar collateral (one to four 
branches) arteries, with an occasional one from a 
muscular branch of the brachial artery. He at- 
tributed the main supply to the ulnar collateral 


ulnar collateral artery (one to four branches) in 
every specimen and by the axillary artery in all 
but 2 specimens (one direct branch from the main 
trunk in 21 specimens and one branch from the 
subscapular artery in 2 specimens) ; a supply was 
also derived inconstantly from the supratrochlear 
artery (one to two branches) and very occa- 
sionally fiom the brachial (one branch in 5 
specimens and two branches in 1 specimen) and 
the profunda (one branch in 3 specimens) artery. 

Region of the Medial Epicondyle . — Attention 
is diawn to the constant blood supply received by 
the nerve in the vicinity of the medial epicondyle. 
The ulnar collateral, supratrochlear and posterior 
ulnar recurrent arteries participate in the forma- 
tion of an anastomotic system which is closely 
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associated with the nerve as the latter curves 
around the medial epicondyle. The nerve may be 
firmly anchored in this position by short nutrient 
arteries passing directly to it from the anastomotic 
channel, and these r^essels must be sacrificed to 
permit adequate mobilization of the nerve when 
it is being transplanted anterior to the epicondyle. 
This anastomosis is often of such dimensions that 
it is difficult to determine where one vessel ends 
and another begins. Consequently it is difficult 
at times to ascertain from which particular artery 
a nutrient vessel is taking origin. The figures 
given are as accurate as the investigation per- 
mitted. 

Tonkofif described one to three branches enter- 
ing the nerve from this anastomosis. Bartholdy 
noted in his series that the vessels to the nerve 
were exceedingly well injected in this region, 
though in his account he mentioned only a supply 
from the posterior ulnar recurrent artery and 
from a muscular branch to the flexor carpi ulnaris 
muscle. 

Forearm . — From the medial epicondyle to the 
wrist the nerve is accompanied in turn by the 
posterior ulnar recurrent and the ulnar artery, 
and these vessels, particularly the ulnar, send 
many nutrient arteries to the nerve. The ulnar 
artery is usually closely applied to the nerve in 
the distal one half to two thirds of the forearm, 
and the arteriae nervorum are consequently short 
and pass directly into the nerve. 

Tonkoff described a branch from the posterior 
ulnar recurrent artery or its muscular branches 
in the upper third of the forearm and two or three 
branches from the ulnar artery or its muscular 
branches in the distal two thirds of the forearm. 
According to Ramage, the nerve in the forearm 
is supplied constantly from the posterior ulnar 
recurrent (one to three branches) and the ulnar 
(one to seven branches) artery. He gave a 
higher incidence of indirect nutrient branches 
from the latter than was recorded in the present 
investigation. Bartholdy claimed that the nerve 
is always supplied by the ulnar artei'y at 2 cm. 
intervals. This regularity was seen on occasions, 
but it was certainly not a feature of the supply. 
Comment . — ^There is general agreement con- 
cerning the vessels from which the arteriae ner- 
vorum take origin. All investigators are of the 
opinion that in the upper arm the nerve is sup- 
plied principally by the ulnar collateral artery 
and that in the forearm a large number of 
arteriae nervorum are received from the posterior 
ulnar recurrent and ulnar arteries. In general 
the number recorded in the present investigation 
as reaching the nerve in the upper arm exceeded 
that given by Ramage and by Tonkoff. The 


number of indirect arteriae nervorum observed 
in the forearm was less than that reported by 
Ramage. 

As in the case of the median nerve, the figures 
presented by Ramage indicate that the number 
of nutrient arteries passing to the ulnar nerve in 
the forearm invariably exceeds that reaching it 
in the upper arm. The present investigation 
showed, however, that the number of nutrient 
arteries to the nerve in the forearm as compared 
with the number to the nerve in the upper arm 
was as follows ; 


No. of Nutrient Arteries 
Equal 

Greater in the forearm 
Greater in the upper arm 


No. of Specimens 
3 
18 
16 


The number received, however, was subject to 
such extreme ranges of variation that it is be- 
lieved that any generalization on the data avail- 
able would be misleading. 


RADIAL NERVE 

The radial nerve is supplied by the axillary, 
brachial and profunda bracliii arteries and their 
branches as far as its entry into the spiral groove, 
by the profunda bracliii artery while running in 
the groove, and, finally, by the anastomosis be- 
tween the profunda bracliii and the anterior radial 
recurrent artery. This anastomosis is closely 
related to the nerve as it descends in the inter- 
muscular furrow between the brachialis muscle, 
medially, and the muscles arising from the supra- 
condylar line, laterally. The source and number 
of the nutrient arteries in the various regions are 
set out in table 3. 

Ramage, in his account, provided no informa- 
tion concerning the site where the arteriae 
nervorum take origin from the profunda artery. 
For this reason, it is convenient to refer to his 
observations here rather than in the sections 
relating to the regional supply. In a study of 25 
specimens he listed the nerve as being supplied 
by the following arteries : axillary (one branch 
in 7 specimens) ; subscapular (one to two 
branches, in 12 specimens) : bi-achial (one to two 
branches, in 16 specimens) ; profunda (two to 
nine branches, in 25 specimens), and anterior 
radial recurrent (one to three branches, in 14 
specimens. Thus the profunda artery alone con- 
stantly supplied the nerve and also provided the 
largest number of nutrient arteries. According 
to Ramage, the arteriae nervorum from the 
brachial artery were predominant^ indirect and 
took origin from muscular branches. 

Axilla; Arm. — Information concerning the 
number of arteriae nervorum received from the 
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axillary, subscapular, brachial and profunda 
bracbii arteries is provided in table 3. The sup- 
ply recorded as coming from the axillary artery 
includes the vessels which entered the posterior 
portion of the cord and which could be traced 
clistally into the radial nerve.- 

In this region Tonkoff described a constant 
supply from the subscapular artery, in addition 
to arteriae nervorum from the profunda artery 
and/or its muscular branches. He did not men- 
tion either the axillary or the brachial artery. Ac- 
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" Indicates subseapular artery, and Ind., here and in table 4. 
indirect blood supply. 


cording to Bartholdy the arteriae nervorum are 
derived from the axillar)’-, profunda and brachial 
arteries. He stressed the predominance of the 
supply from the muscular branches of the brachial 
arter)'’, with which Ramage expressed agreement, 
but this observation is contrary to the results of 
the present investigation. 

Spiral Groove . — The profunda artery con- 
< stantly supplied the nerr^e in this situation, Ton- 
koft, BarthoId 3 % Bourguet and Ramage referred 
to the blood supply from the profunda artery in 
\ this region, but Tonkoft (describing two to three 
branches) and Ramage (describing two to nine 
branches) alone gave details. 


OF NERVES OF UPPER LIMB 

Certain features of the neurovascular arrange- 
ments in this region are worthy of comment. 
Ramage previously commented on the division of 
the profunda artery, in the majority of cases, into 
two vessels of almost equal size, called proximal 
and distal, which accompany the nerve on oppo- 
site sides as far as the lateral intermuscular sep- 
tum. It is the proximal branch which accom- 
panies the nerve through the lateral intermuscular 
septum. The presence of such an arrangement 
has been confirmed in this investigation. Ramage 
distinguished between the nutrient arteries aris- 
ing from the proximal and those arising from the 
distal division, but no such distinction was drawn 
in this study. Again, it is common for many of the 
branches of the nerve to separate from the main 
trunk high in the groove but to accompany it for 
some distance before finally leaving to pass to 
their destination. Consequently, the radial nerve 
frequently has the appearance of a collection of 
loosely arranged strands or collaterals as it de- 
scends in the groove. The vascular pattern is 
modified accordingly. The nerve shows many 
superimposed vessels ; one series is arranged 
along the principal trunk, while the other is dis- 
posed on each of its collateral branches. Bourguet 
reported a similar arrangement and is the only 
other investigator to do so. In the present series 
the number of nutrient branches given in the 
tables refers only to vessels passing to the prin- 
cipal trunk of the nerve. 

Internui senior Furrow . — In this region the 
nerve receives its supply by direct, and occa- 
sionally by indirect, nutrient arteries from the 
anastomosis between the profunda and the an- 
terior radial recurrent artery. 

Tonkoff mentioned only the source and gave 
no details. It is often difficult to establish the 
origin of some of the muscular branches in this 
region, but it is probable that some of them are 
originally derived, as Tonkoff stated, from the 
brachial artery. Bartholdy referred onty to the 
supply from the profunda artery in this region. 

Comment . — There is general unanimity con- 
cerning the vessels from which the nutrient ar- 
teries take origin, and all authors are agreed on 
the importance of the supply from the subscapu- 
lar and profunda arteries. The large and constant 
supply in the spiral groove is a striking feature. 
In general the number of vessels observed in the 
present stud}^ exceeded the number reported by 
Ramage and Tonkoff. 

Bartholdy claimed that the length of the nerve 
from its origin to the site of entrance of the first 
nutrient artery is often 8 to 10 cm. This obser- 
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ration was confirmed in the present study. Be- 
tw^een its origin and its entrance to the spiral' 
gioove the nerve received fewer arteries than 
elsewheie along its course, and frequently this 
segment of the nerve w'as supplied solely by de- 
scending intraneural channels wdiich i cached it 
from the posterior portion of the cord. 

As in the case of the median and ulnar nerves, 
the direct type of nutrient arter}’- predominates. 
How'ever. both Bartholdy and Ramage described 
a larger number of indirect nutrient arteries from 
the brachial artery than was observed in the pres- 
ent investigation. 

As far as the spiial groove the fasciculi of the 
nerve are comisactly arranged, and over this sec- 
tion the largest intraneural arterioles run on or 


and cutaneous branches of the radial artery 
Tonkoff referred only to the radial supply, ivhicl 
is represented by four to five twigs from it: 
muscular and cutaneous branches. According t( 
him the nerve is rarely supplied directly fron 
the main artery. Ramage listed a supply fron 
the anterior radial recurrent artery (one to foui 
branches) and from the radial artery (one to 
four direct and one to five indirect branches). The 
results of the present investigation were in gen- 
eral agreement with the observations of Ramage. 

POSTERIOR INTEROSSEOUS NERVE 

The nerve is accompanied by and supplied from 
the anterior ladial recurrent and posterior inter- 
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just beneath the surface of the nerve; distal to 
this point, where the fasciculi are more loosety 
arranged, the arterioles are scattered irregularl)’’ 
among them. 

' SUPERPICIAL RADIAL NERVE 

The blood supply of this nerve was examined 
from its origin to the point where it passes on to 
the dorsum of the forearm. The source and num- 
ber of vessels reaching it are set out in table 4. 

Bartholdy described a supply from the anterior 
radial recurrent artery and from the muscular 
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osseous arteries, the anastomosis between them 
in the supinator muscle and occasionallv, in the 
distal part of the forearm, the termination of the 
anterior interosseous artery after that vessel has 
pierced the interosseous membrane. The source 
and number of arteriae nervorum are set out in 
table 4, and the figures are in general agreement 
with those given by Ramage. Both Bartholdy 
and Ramage described a supply from the vessels 
named, except for the anterior interosseous 
artery, but Ramage alone provided details of 
that supply. 
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COMPARISON OF BLOOD SUPPLIES OF 
[MEDIAN, ULNAR AND RADIAL 
NERVES 

An important point to be decided is whether 
or not there is any significant difference in the 
blood supply not only of different nerves but of 
different segments of the same nerve. Before 
embarking on an investigation to settle this point, 
one must define exactly what is meant by the 
blood supply of a nerve. This has not been at- 
tempted. so far as I am aware, by any previous 
investigator. Many workers appear to have re- 
garded the Wood snpp\y oi a nerve as synonyvnons 
with the number of nutrient arteries it receives, 
but a study of the number of vessels alone can 
give no true conception of the blood supply of a 
nerve. Again, one frequently meets with such 
terms as “blood supply,” “richness of blood sup- 
ply,” “richness of vascularization.” “greater, 
better or richer blood supply” and “poorer blood 
supply,” without any qualification to indicate 
whether the expression refers to the number, size 
and intraneural distribution of the arteriae 
nervorum or to the amount of blood reaching the 
part. “Blood supply” has atr anatomic and the 
other terms a physiologic significance, and they 
differ in that, though the anatomic arrangement 
influences the amount of blood reaching the 
nerve, additional, and highly relevant, factors 
participate in controlling the supply. Conse- 
quently, anatomic studies alone, such as have 
been undertaken in this investigation, cannot 
furnish conclusive evidence concerning the actual 
amount of blood reaching the nerve, though they 
do provide an essential basis for studies of the 
latter. It is proposed in this paper to distinguish 
between the term “blood supply,” which will be 
taken to have a purely anatomic basis, and such 
terms as “richness of supply,” “richness of vas- 
cularization” and “better” or “poorer blood sup- 
ply,” which will be taken to have a physiologic 
implication. It is obvious, then, that on the basis 
of the observations recorded in this investigation 
one is justified in comparing, for the three nerves, 
only the anatomic, and not the physi-ologle, 
factors. 

Even when employed in a strict anatomic 
sense, the term “blood supply” requires further, 
elaboration, since it could refer, in turn, to the 
number or size of the arteriae nervorum, to the 
structural features of the intraneural pattern, to 
the supply to the entire nerve trunk, which inci- 
dentally involves more tissues than nerve fibers, 
or to the supply to individual nerve fibers con- 
tained in the trunk. For example, the sciatic 
nerve receives larger and more nutrient arteries 


than does the axillary nerve. From a considera- 
tion of this feature alone it might reasonably be 
concluded that the sciatic nerve receives a greater 
blood supply than the axillary nerve, though ex- 
amination of the intraneural pattern and an 
analysis of the supply to individual nerve fibers 
would not necessarily lead to the same conclusion. 
It has been established that, for all the peripheral 
nerves examined, the supply to each nerve fiber, 
irrespective of the peripheral nerve which carries 
it or of its position in the nerve, is substantially 
the same. Consequently, in the present discussion 
the. terrw “blood supply” will be restricted to the 
supply to the peripheral nerve trunk, and com- 
parison of the supplies to the three nerves has 
l^een based on the size and number of the arteriae 
nervorum received by each nerve and the struc- 
im-e of the intraneural pattern. 

It is now proposed to analyze, in the manner 
outlined, the supply in the 37 specimens exam- 
ined, in an attempt to detect any significant dif- 
ferences in the blood supply of (1) the median, 
radial and ulnar nerves in the upper arm, (2) the 
mediaii nerve in the arm and forearm, (3) the 
ulnar nerve in the arm and forearm, (4) the 
median and ulnar nerves in the forearm and ( 5 ) 
the superficial radial and posterior interosseous 
nerves. 

Ramage ® is, so far as I can ascertain, the only 
other investigator who has devoted any attention 
to this problem, but his observations were limited 
and the methods by which he arrived at his con- 
clusions not always clearly stated. His paper, 
however, must be reviewed in some detail at this 
point, since his are the only data available for 
comparison with the observations made during 
this investigation. . 

Ramage- examined by the injection method the 
blood supply of the median, ulnar and radial 
nerves in 8 adult and 17 fetal arms. His pro- 
cedure was to dissect and count, in each speci- 
men, the vessels passing to each nerve in the 
upper arm and the forearm. From the data ob- 
tained he averaged the number of nutrient 
arteries to each individual nerve in both situa- 
tions. He reported the numbers in the accom- 
panj'ing tabulation as the average per specimen, 


Nutrient Arteries 


Nerve 

Arm 

Forearm 

Median 

3.8 

6.4 

Ulnar 

3.8 

7.16 

Radial 

6.2 



ana iiom tnese tigures he drew his conclusions. 

1. The number of arteries passing to a nerve in 
the forearm exceeds that reaching the nerve in the 
upper arm. He stated, however, that the branches 


i 
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are smaller in the forearm and asserted, without 
producing any further evidence, that “the blood 
suppl}^ is actually better in the upper arm than 
in the forearm.” 

2. The number of arteries to the musculospiral 
nerve exceeds the number to either the median or 
the ulnar nerve in the upper arm. He admitted 
that it is difficult to sa}^ on the basis of dissections 
whether or not the blood supply is greater but 
claimed that a microscopic examination of in- 
jected material indicated that it is so. Reference 
to his observations on the relative vascularity of 
the superficial radial and posterior interosseous 
neiwes Avill be made in the section of the text 
devoted to this question. 

Thus Ramage, in establishing his conclusions, 
worked solely on the basis of the average number 
of nutrient vessels received per nerve for the 
whole series. No attempt was made to compare, 
in each separate specimen, the number passing 
to each of the three nerves in the upper arm 
and in the forearm respectively. Such a pro- 
cedure, and this is the one which has been adopted 
in this investigation, would have necessitated 
some modification of his conclusions. 

Median, Ulnar and Radial Nerves in the Upper 
Arm . — The great irregularity in the number of 
arteriae neiworum is shown in table 5. The 
ranges of variation are similar for all three 
nerves, and this makes comparison of them ex- 
tremety difficult. If, however, the numbers to 
the three nerves in the same specimen are com- 
pared, the following data are obtained : 

No. of Nutrient Arteries No. of Specimens 

Radial and Ulnar Nerves 


Equal 


9 

Greater to the radial 


16 

Greater to the ulnar 


12 

Radial and Median 

Nerves 


Equal 


5 

Greater to the radial 


19 

Greater to the median 


13 

Ulnar and Median 

Nerves 


Equal 


6 

Greater- to the ulnar 


14 

Greater to the median 


17 


Such an analysis admittedly neglects degrees 
of difference, but it appears to justify the fol- 
lowing conclusions ; 

1. No nerve consistently receives more nutrient 
arteries than any other. 

2. In only a small proportion of cases do 
nert^es receive an equal number of nutrient 
arteries. 

3. Any nerve may receive more nutrient arte- 
ries than its fellows. 


4. In a small majority of the specimens the 
number of nutrient arteries to the radial nerve 
exceeds the number to the ulnar or median nerve, 
and the number to the median nerve exceeds that 
to the ulnar nerve. The number of specimens 
examined is too small, however, to give data of 
statistical value. 

5. On the basis of numbers alone it is im- 
possible to assign a constantl}'' greater blood sup- 
ply to any one nerve. 


Taulh 5. — Number of Nutrient Arteries Passing to 
Median, Ulnar, Radial, Superficial Radial 
and Posterior Interosseous A^erves 
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The size of the arteriae nervorum is subject to 
substantially the same variations in each nerve in 
the same specimen. Thus, the largest vessel to 
one nerve can be matched in size by an arteriole 
to another nerve. In this connection, howcA^er. 
the relation betAveen size and number should not 
be neglected. From the study of size alone it is 
.impossible to assign a greater blood supply to any 
one nerve. 

The manner in Avhich the intraneural vascular 
pattern is established is fundamentally the same 
in all three nerves, and the terminal capillary 
mesliAVork is of approximately the same density in 
all situations. Microdissection and histologic 
studies have, hoAvever, revealed variations in the 
detailed structure of this pattern in all three 



SUNDERLAND— BLOOD SUPPLY OF NERVES OF UPPER LIMB 


111 


nerves which are so inconstant and irregular that 
no two patterns are identical. Consequently, there 
is no pattern which is constant or characteristic 
for any one nerve, while the form it will take in a 
nerve, or in a segment of the nerve, is quite un- 
predictable, These variations appear to be deter- 
mined by the number and size of the arteriae 
nervorum, by their site of entry and mode of 
branching within the nerve and by the fascicular 
pattern of the nerve and its connective tissue 
framework. All these morphologic features are 
known to be variable. The pattern is apparently 
designed to provide the most effective blood sup- 
ply to the peripheral nerve in terms of its ana- 
tomic structure, and the variations observed are 
but a reflection of the measures adopted to achieve 
this. From a study of the intraneural vascular 
pattern in all three nerves, in the same and in dif- 
ferent specimens, it may be concluded that though 
a comparison of the pattern of any two nerves 
will reveal obvious differences, there is nothing 
in these differences to suggest that one receives 
a better or a poorer blood supply than the other. 

Thus, the number and size of the arteriae 
nervorum, together with their distribution within 
the nerve, are subject to such a wide range of 
variation, not only in the three nerves but in the 
same nerve in different specimens, that on the 
basis of anatomic observations alone it is impos- 
sible to reach any definite conclusion regarding 
the relative richness of supply to the various 
peripheral nerve trunks. The observations dem- 
onstrate that, with regard to the three anatomic 
features under discussion, there are inconstant 
and unpredictable differences in the three nerves 
and in the same nerve in different specimens. 
There is nothing to suggest from the evidence 
available that such differences can in any way 
be interpreted as an indication of a richer or a 
poorer blood supply. They appear to be due to 
variations designed to give, under prevailing 
anatomic conditions, the most effective blood sup- 
ply to the peripheral nerves. It is conceivable, 
however, that these minor structural differences 
and variations imposed on the basic pattern may 
be a manifestation of much greater functional 
ones; but since they are common to all three 
nerves, there do not appear to be any grounds 
for attributing differences in the reaction of these 
nerves to injury, mechanical or otherwise, to an}^ 
specific difference in the vascular pattern. 

Median Ne)-ve in ihe Upper Arm and Fore- 
arm . — The size and distribution of the median 
arterj' render difficult any comparison of the 
blood supply of the nerve in the upper arm and 
that of the nerve in the forearm. The nmnber of 


nutrient arteries to the nerve in the upper arm 
exceeds in the great majority of cases (33 out of 
37 specimens) the number to the nerve in the 
forearm (table 5), The number of arteriae 
nervorum appears to be closely related to their 
size and to the proximity of the parent vessel to 
the nerve. It is suggested that the median nerve 
receives few^er nutrient arteries in the forearm 
because there is no large limb artery accompany- 
ing the nerve in this region. As already observed, 
this is compensated for principally by the large 
size of the median artery or by long descending 
intraneural channels. Exclusive of this artery, 
however, the arteries reaching the nerve in the 
upper arm are usually, but not invariably, larger 
than the arteries reaching it in the forearm. 

In general, the large intraneural arterioles in 
the upper arm are present on or toward the sur- 
face, whereas in the forearm they are, with the 
exception of the median artery, usually more cen- 
trally placed. Apart from this difference, which 
is by no means constant, the intraneural vascular 
pattern is subject to such a wide range of varia- 
tion's from one level to another and from one sub- 
ject to another that there is no pattern which is 
constant or characteristic for any one part of 
the nerve. These local differences which are ob- 
served along the entire length of the nerve are 
but a reflection of the measures undertaken to 
assure, under the prevailing anatomic conditions, 
the most effective blood supply to the nerve. 

There is nothing to suggest, from the anatomic 
evidence available, that one part of the nerve 
receives a better or a poorer blood supply than 
another. 


Ulnar Nei-ve in the Upper Arm and Forearm. 
— The number of nutrient arteries to the nerve 
in the upper arm as compared with the number to 
the nerve in the forearm is as follows : 


No. of Arteries 
Equal 

Greater in the forearm 
Greater in the upper arm 


No. of Specimens 
3 

18 

16 


Rainage claimed, however, that the number in 
the forearm always exceeds that in the upper arm. 

In each specimen the largest nutrient arteries 
are usually, but not invariably, noted in the upper 
arm. When, however, the size and number are 
studied together in the same specimen, these two 
morphologic features are found to bear an in- 
verse relation to one another. With regard to 
the structure of the intraneural vascular pattern 
along the length of the nerve, the observations 
were identical with those recorded for the median 
nerve, and the same conclusions apply. 
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On this evidence it is impossible to assign a 
constantly greater blood supply to any particular 
segment of the nerve. 

Median and Ulnar Nerves hi the Forearm . — 
The number of nutrient arteries to the two 
nerves in the forearm in each specimen is shown 
in table 5. In the majority of specimens (31 out 
of 37) the number of nutrient arteries to the 
ulnar nerve exceeded the number to the median 
nerve, the difference being explained in some 
measure by the disposition of the large arteries 
relative to the two nerves in the forearm. 

The size and distribution of the median artery 
render difficult any comparison between the blood 
supply of these two nerves. There appear, how- 
ever, to be significant differences in the number 
of nutrient arteries reaching the nerves in the 
forearm, though the smaller number to the 
median nerve is usually compensated for by the 
large size of the median artery. With the excep- 
tion of this vessel there is no significant or con- 
stant difference in the size of the nutrient arteries 
passing to the two nerves. 

A comparison of the intraneural pattern in the 
two nerves gave results identical with those pre- 
viously described in the three preceding sections, 
and the same conclusions consequently apply. 

Thus, it is impossible to assign a constantly 
greater blood supply to any particular segment of 
either nerve. 

Superficial Radial and Posterior Interosseous 
Nerves . — Comparison of the number of arteries 
to each nerve as observed in this investigation 
with the figures listed by Ramage gave the fol- 
lowing results : 

No. of Specimens 

No. of Nutrient Arteries This Series Ramage’s Series 
Equal to the two nerves 5 7 

Greater to superficial radial 

nerve 17 13 

Greater to posterior inter- 
osseous nerve 15 4 

In the present investigation neither nerve 
consistently received more arteries than the other, 
and in only a small majority of specimens did 
the number of arteries passing to the superficial 
radial nerve exceed the number to the posterior 
interosseous nerve. Ramage’s figures indicate a 
higher incidence for the superficial radial nerve, 
though, on the basis of his methods of compari- 
son, he gave the average number of arteries per 
specimen as 4.05 and 4.6 to the posterior inter- 
osseous and tlie superficial radial nerves respec- 
tively. However, in comparison of the blood 
supply of these nerves he claimed to have demon- 
• strated that “when sections of the posterior inter- 
osseous and radial nerves are compared, it is 


found that the area of nervous tissues in the two 
is about equal, but the area of the blood vessels 
in the radial is three and a half times as great as 
the area of the blood vessels in the posterior inter- 
osseous.” I have been unable to confirm this 
observation. A comparison of the number, size 
and disposition of the arteriae nervorum failed to 
reveal any constant or characteristic dififerences 
for the two nerves. On the contrary, an analysis 
of the pattern suggests that, despite the varia- 
tions, the blood supply to individual nerve fibers 
in the two nerves is substantially the same. 

SUMMARY: GENERAL FEATURES 

1. Each peripheral nerve is abundantly vas- 
cularized throughout its entire length by a suc- 
cession of vessels which by their repeated divi- 
sion and anastomosis within the nen'e outline an 
unbroken intraneural vascular net. 

2. The arteriae nervorum arise at irregular 
intervals from the limb arteries or their branches 
which establish an intimate anatomic relationship 
with the peripheral nerve or which, at most, 
are not far distant from it. 

3. The vessels which supply the nerve ex- 
clusively and which take origin from the main 
vessel, or from one of its named branches, are 
called direct nutrient arteries. Opposed to this 
type are the nutrient arteries which, because of 
their origin from branches (muscular or sub- 
cutaneous) destined to supply extraneural tis- 
sues predominantly, are referred to as indirect. 
The former type predominate in the case of the 
large peripheral nerves of the limbs. 

4. For each individual nerve there is a reason- 
ably constant group of arteries which, by the na- 
ture of their anatomic disposition, are favorably 
situated to supply the nerve and from which the 
arteriae nervorum are consequentl}^ derived. 

5. Despite the presence of this reasonably con- 
stant vascular pathway, both the number and 
the precise site of origin of the arteriae nervorum 
arising from the vessels composing it vary over 
wide limits — not only from subject to subject but 
on the two sides of the body. 

6. There are certain regions where nerves 
habitually receive arteries. 

7. Despite the variability in the number and 
site of origin of the arteriae nervorum, their dis- 
position may be such, particularly in certain 
regions, that it is impossible to free a nerve from 
the surrounding tissues for more than a few centi- 
meters without sacrificing some of the vessels 
supplying it. 

8. Extensive segments of a nerve which do 
not receive any nutrient arteries are frequently 
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seen. Microscopic examination of these seg- 
ments fails to demonstrate any modification of 
the fundamental character of the intraneural 
vascular pattern, the segment being nourished 
and the pattern maintained by large descending 
intraneural vessels derived from the last entering 
nutrient artery. 

9. The number and size of the arteriae ner- 
vorum are variable morphologic features. There 
appears to be an inverse relation between the 
two. 

10. Larger nerves do not necessarily receive 
more vessels than smaller neiwes. 

11. The caliber of the nutrient arteries fluc- 
tuates over wide limits. The largest artery seen 
measured 1 mm. in diameter. 

12. The largest vessels run to the largest 
nerves, though the largest nerves do not in- 
variably receive larger arteries than do smaller 
nerves. The largest arteries in the upper limb 
are present in the upper arm. 

13. Both size and number must be taken into 
account in estimating the relative vascularity of 
different segments of the same nerve and that 
of corresponding segments of different nerves. 

14. The size and the length of the nutrient 
arteries are independent features. The length 
appears to be determined by the proximity of 
the parent vessel — ^the closer the parent artei-y. 
the shorter the nutrient branch. 

15. The nutrient vessels take the most direct 
route to the nerve and are therefore straight or 
gently curved. 

16. Nutrient arteries, on or adjacent to tne 
nerve the}^ are to supply, outline a variety of pat- 
terns of distribution. 

17. On entering a nerve a nutrient artery may 
be distributed in one of several ways. 

18. The intraneural pattern is composed of 
arterioles, precapillaries, capillaries and venules. 

19. The largest intraneural arterioles are ob- 
served on the surface of the nerve and in the 
interfascicular tissues, where they branch to form 
a series of longitudinally disposed channels of 
arteriolar, precapillary and capillary type. 

20. There is a general tendency for the largest 
vessels to be situated toward the center of the 
nerve in the forearm and at the periphery in the 
upper arm. 

21. The largest intraneural arteidoles in the 
arm are usually, but not invariabl 3 r, seen in the 
upper arm. 

22. From the interfascicular arterioles finer 
branches pass into the perineurium and fasciculi 
— precapillaries predominate in the former and 


capillaries in the latter. These branches are also 
longitudinally disposed. 

23. The longitudinally directed epineurial, 
interfascicular, perineurial and intrafascicular 
vessels repeatedly give off side branches, more 
or less at right angles, in all directions at fre- 
quent but irregular intervals. These branchlets 
redivide in a similar manner and finally anasto- 
mose to give a fine terminal intraneural vascular 
net composed of rectangular meshes disposed 
in the plane of the longitudinal axis of the nerve. 

24. The number, size and position of the inter- 
fascicular lovrgitudinally directed vessels vary 
from level to level. 

25. Though the intraneural vascular pattern 
has the same fundamental structure in all nerves, 
modifications which are determined by the num- 
ber, size, position and manner of branching of 
the intraneural arterioles are superimposed on 
the basic structure. Nevertheless, the disposi- 
tion of the terminal intrafascicular capillary 
meshwork is such that the number of capillaries 
per unit area of fibers appears to be relatively 
constant, irrespective of the nerve or their posi- 
tion in it. It may reasonably be inferred from 
this that the blood supply to the individual nerve 
fibers is, on anatomic grounds at least, sub- 
stantially the same. 

26. A characteristic feature of the intraneural 
pattern is the considerable overlap of supply 
which obtains between nutrient arteries entering 
at dift'erent levels. This, together with the pro- 
fuse anastomosis, renders it unlikely that any 
vessel will dominate the intraneural circulation 
in any particular region or segment of the nerve. 
The vascular pattern has significance in connec- 
tion with the production of local and general 
ischemia of the nerve. 

27. Venules are the largest venous vessels 
seen in or leaving the nerve. 

28. The structure of the intraneural venous 
pattern corresponds to the arterial arrangement. 
Venules and arterioles, however, do not always 
run together, either inside or outside the nerve, 
while counts suggest that the number of inter- 
fascicular venules exceeds the number of 
arterioles. 

29. Veins may leave the nerve independently 
of the entering arterioles. 

30. The number of veins leaving the nerve does 
not always correspond with the number of 
ai-teries entering it. 

31 . The emerging veins may terminate in the 
principal vein or veins accompanying the neio-h- 
bonng artery, in muscular veins or in the venous 
plexus in the wall of a neighboring arterv. 
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su:mmary of the blood supply 

TO THE MEDIAN, ULNAR AND 
RADIAL NERVES 

The results of a study of the source, site of 
origin, course and distribution of the nutrient 
vessels to the median, ulnar and radial nerves 
in 37 adult arms (tables 1, 2, 3 and 4) ma)’’ be 
summarized as follows : 

The principal blood supply to the median 
nerve in the upper arm comes from the axillaiy 
and brachial arteries. Arteriae nervorum are 
occasionally received from the ulnar collateral 
and supratrochlear arteries. 

In the cubital fossa the nerve frequently re- 
ceives nutrient vessels from one or several of 
the arteries which are related to it in this region, 
namel}^ the termination of the brachial artery 
and its radial and ulnar divisions and the com- 
mon interosseous, anterior interosseous and an- 
terior ulnar recurrent arteries. 

In the forearm the nerve is supplied by the 
radial and ulnar arteries and by the median 
artery, which was present and provided the main 
supply in 27 specimens of the 37 examined. 

The ulnar nerve is accompanied throughout 
its course by a continuous arterial chain, derived 
in turn from the axillaiy, brachial, ulnar col- 
lateral. supratrochlear, posterior ulnar recurrent 
and ulnar arteries. From this system the ar- 
teriae nervorum are derived. Occasionally the 
profunda brachii artery and a high radial artery 
establish a sufficient!}' intimate relation to the 
nerve to supply it. The principal and most con- 
stant supply is from the ulnar collateral and 
ulnar arteries. 

The radial nerve is supplied by the axillary, 
subscapular brachial and profunda brachii ar- 
teries in the axilla and arm before entering the 
spiral groove; by the profunda brachii artery 
while running in the groove, and, finally, from 
the anastomosis between the profunda and the 
anterior radial recurrent artery in the inter- 
muscular furrow between the brachialis muscle, 
medially, and the brachioradialis and the ex- 
tensor carpi radialis longus muscle, laterally. 
The main supply in most cases is obtained from 
the profunda artery. 

The superficial radial nerve is supplied by the 
anterior radial recurrent and radial arteries or 
their branches. The posterior interosseous nerve 
is supplied by the anterior radial recurrent and 
posterior interosseous arteries and from the 
anastomosis between them in the supinator 
muscle, and occasionally by the anterior interos- 
seous artery in the distal third of the forearm. 

The number, size, source, site of origin and 
site of entr}' into the nen'e of the arteriae ner- 
vorum are inconstant in all three nerves. In 
no case was the arrangement bilaterally sym- 


metric. The range of variation observed in these 
morphologic features was observed to correspond 
closely in all three nerves. 

In an analysis of the blood supply of the 
median, ulnar and radial nerv'es with a view to 
the detection of differences, this supply was 
taken to mean the arteries to the entire periph- 
ei-al nerve trunk, as opposed to the individual 
nerve fiber, and in this connection it was assessed 
in terms of the size, number and intraneural 
disposition of the arteriae nervorum. These 
features are, however, so irregular and the ranges 
of variation for all three nerves so similar as to 
render difficult any comparison of them on this 
basis. The observations, however, appear to 
justify the following conclusions : 

1. In the upper arm' no nerve consistently 
receives more nutrient arteries than another. 

2. In the upper arm an}- nerve may receive 
more nutrient arteries than its fellows. 

3. In the upper arm the three nerves only 
occasionally receive the same number of nutrient 
arteries. 

4. In the upper arm tlie number of nutrient 
arteries passing to the radial nerve exceeds in a 
small majority of cases that to either the median 
or the ulnar nen'e, while in an even smaller 
majority the number to the median nerve ex- 
ceeds that to the ulnar nerve. The number of 
specimens examined was too small, however, to 
give data of statistical value. 

5. The size of the nutrient arteries varies over 
substantially the same limits for all three nerves 
in the upper arm. 

6. Usually the number of arteries to the 
median nerve in the upper arm exceeds that to 
the median nerve in the forearm. The larger 
number in the upper arm appears to be com- 
pensated for in the forearm, in the majority of 
cases, by the large size of the median artery. 
Except for this vessel, howevei', the arteriae 
nervorum in the upper arm are usually, but not 
invariably, larger than the vessels in the forearm. 

7. The number of arteriae nervorum to the 
ulnar nerve in the forearm exceeds, in a small 
majority of the cases, the number reaching it in 
the upper arm. Usually, but not invariably, the 
largest nutrient arteries are found in the upper 
arm. When the size and the iiumber are studied 
together in the same specimen, an inverse rela- 
tion is •obser^’-ed to obtain between the two. 

8. With both the median and the ulnar nerve 
it is more common to see the largest intraneural 
arterioles situated on or toward the surface in 
the upper arm and occupying a more central 
position in the forearm. 
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9. The size and distribution of the median 
artery render difficult comparisons between the 
arteriae nervorum to the median nerve and those 
to the ulnar nerve in the forearm. However, 
there appears to be a significant difference in 
the number reaching the nerves in this situation, 
the smaller number to the median nerve being 
compensated for, in the majority of cases, by 
the large size of the median artery. Except for 
this vessel, there is no significant or constant 
difference in the size of the arteriae nervorum to 
the two nerves. 

10. In a very small majority of cases the 
number of nutrient arteries to the superficial 
radial nerve exceeds the number to the posterior 
interosseous nerve. A comparison of the size 
and disposition of the arteriae nervorum passing 
to the two nerves fails to reveal any constant or 
characteristic difference. 

11. The manner in which the intraneural vas- 
cular pattern is established is fundamentally the 
same in all three nerves, and the terminal capil- 
lary meshwork is, apart from minor variations, 
of approximate^ the same density in all situa- 
tions. However, the size, number, position and 
mode of branching of the intraneural arterioles 
are subject to such a considerable range of varia- 
tion in all nerves that no two patterns are alike 
in detail. There is certainly no pattern which 
is constant or characteristic for any one nerve 
or section of a nerve. Moreover, the form the 
pattern will take in any particular nerve is quite 
unpredictable. These variations appear to be of 
minor significance, and there is evidence to sug- 
gest that they are to a large extent determined 
by the number, size and site of entry into the 
nerve of the arteriae nervorum, by the fascicular 
pattern of the nerve and by its connective tissue 
framework. All these morphologic features are 
known to be variable. 

Thus, so far as the intraneural pattern is con- 
cerned there are differences not only in the three 
nerves but in the same nerve in different speci- 
mens, as well as at different levels of the same 
nerve. These differences appear to be due to 
minor variations in the pattern designed to pro- 


vide the most effective blood supply to the 
peripheral nerve in terms of its anatomic struc- 
ture. However, though a comparison of the 
intraneural vascular pattern of two nerves re- 
veals obvious differences, there is nothing in 
these differences to suggest that one nerve" re- 
ceives a better or a poorer blood supply than 
the other. 

12. The observations demonstrate that with 
regard to the three anatomic features investi- 
gated (number, size and intraneural pattern) 
there are inconstant and unpredictable differ- 
ences in the three nerves, in the same nerve in 
different specimens and in different segments 
of the same nerve. These differences appear to 
be due to variation designed to give, under the 
prevailing anatomic conditions, the most effective 
blood supply to the peripheral nerve. There is 
nothing to suggest from the evidence available 
that such differences can in any way be inter- 
preted as an indication of a richer or a poorer 
blood supply. It is conceivable, however, that 
these local structural differences and variations 
imposed on the basic pattern in the three nerves 
are a manifestation of much greater functional 
differences, but since they are common to all 
three nen^’es, there appear to be no grounds for 
attributing differences in the reaction of periph- 
eral nerves to injury, mechanical or otherwise, 
to any specific difference in the intraneural vas- 
cular pattern. 

It must be admitted, however, that with 
establishment of the structural features of the 
blood supply the anatomic approach has reached 
the limit of its usefulness. Further inquiries' 
concerning the functional significance of the pat- 
tern and its role in various physiologic and 
pathologic phenomena must be settled by further 
investigation, preferably of an experimental 
nature, and not by speculations based solely on 
the anatomic distribution of the vessels. 

Mr. L. Preston and Mr. H. Marriott prepared the 
illustrations and the photomicrographs respectively 
which accompany this article. 

University of Melbourne. 



INTERPRETATION OE EINDINGS IN THE CEREBROSPINAL FLUI3D 

I. THE DEMENTIA PARALYTICA * FORMULA AND THE NECESSITY OF ITS 
QUANTITATIVE DIFFERENTIATION 

CARL LANGE, N.D., and ALBERT H. HARRIS, H.D. 

ALDANV, N. y. 


DEFINITION 

The term “dementia paralytica formula” will 
here be reserved for the humoral data alone as 
encountered in cases of typical, not effectively 
treated dementia paralytica, the acute forms 
being disregarded, while “dementia paralytica 
S 3 mdrome” is used for the ensemble of clinical 
and humoral data. With this restriction, the 
dementia paralytica formula is fairly uniform. It 
denotes a clear and colorless aspect of the cere- 
brospinal fluid and the following results of the 
obligatory tests. 

1. In the quantitative anal 3 ^sis of the cell pic- 
ture higher numbers of mononuclear cells are en- 
countered with dementia paralytica than with 
other chronic forms of neuros 3 'philis, sa 3 ’^ 30 to 
100 cells per cubic millimeter. Qualitatively, 
the peculiar polymorphism of the cells, which in- 
variably include plasma cells, is so striking that 
previously it was believed to be specific. 

2. The total protein content also is distinetty 
higher with dementia paratytica than with other 
chronic forms of neuros 3 "philis. While with cere- 
brospinal S3'philis it hardty exceeds 60 mg. per 
hundred cubic centimeters, with dementia para- 
tytica it ranges from 100 to 150 mg., infrequently 
exceeding 200 mg. per hundred cubic centi- 
meters. 

3. Tbe titer of the blood in the complement 
fixation test for s 3 ^philis lies in the same maximal 
range as that in cases of early secondary syphilis 
before treatment. 

4. The titer of the cerebrospinal fluid in tbe 
complement fixation test is distinctly higher with 
dementia paratytica than with other forms of 
neuros 3 ’^philis. 

5. The colloidal gold test yields the so-called 
characteristic curve for dementia para^Tica. The 
terms “dementia paratytica curve” (table 1, no. 
4) and “s 3 "pbiHtic cm-ve” (table 1, no. 2) do not 

From the Division of Laboratories and Research, 
New York State Department of Health. 

The term “dementia paralytica formula” has been 
used instead of the authors’ “paretic formula” for con- 
formity with the “Standard Nomenclature of Diseases” 
and with the policy of the American Aledical Association 
Press. 


mean that the curves arc supposed to be “.sjiecific 
for” dementia paratytica and cerebrospinal 
syphilis respectively, but only that they almost 
invariably are “encountered” with these diseases. 

The five te.sts mentioned are obligatory; an 
additional feature of the dementia paratytica for- 
mula is its resistance to change with routine 
treatment. The question whether this resistance 
ma 3 '^ be taken for granted on the basis of a single 
examination or must be determined b 3 ’’ tentative 
routine treatment and follow-up examinations 
was tbe main reason for the quantitative classifi- 
cation of those formulas which is subsequently 
suggested. 

Finalty, it may be mentioned that of the 
numerous additional tests, particularly per- 
meability tests, suggested for the diagnostic 
examination of the cerebrospinal fluid in cases of 
dementia paratytica, none adds essential informa- 
tion to that furnished by the aforementioned five 
obligatory tests, provided optimal methods and 
correct interpretations are emplo 3 ’ed. Determi- 
nation of the pressure and the Queckenstedt test 
are of no significance. 

EXPERIAIENTAL STUDY 

i 

I^rETHODS 

The cell examination consists of the study of a stained 
sediment and the cell count in a Fuchs-Rosenthal cham- 
ber, polychrome methylene blue without acetic acid 
being used. Only three cell forms are differentiated: 
red cells and mononuclear and polymorphonuclear 
leukocytes. For determination of the total protein con- 
tent the micro-Kjeldahl method was used in the experi- 
ments. In routine work a turbidimetric method is 
employed, with use of sulfosalicylic acid and a photo- 
electric colorimeter. The technic is so controlled that it 
provides a practically satisfactory substitute for the 
micro-Kjeldahl method. The quantitative complement 
fixation test for syphilis of Wadsworth, Maltaner 
and Maltaner 1 and the quantitative colloidal gold test 
of Lange - are employed. 


1. Wadsworth, A.; Maltaner, F., and Idaltaner, E. : 
Quantitative Studies of the Complement-Fixation Reac- 
tion 'with Syphilitic Serum and Tissue Extract : Technic 
of the Practical Quantitative Test, J. Immunol. 35:217- 
234, 1938. 

2. Lange, C. : Methods for the Examination of 
Spinal Fluid, Am. J. Syph., Conor. & Ven Dis 23: 
6,38-668, 1939. 
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* Titers obtHincii witli nimntitiitlvc complement fixation test.i 

over b?ulwhftT'L°20:*^'colorfc reaction was usee].= Tlio ilcgiecs of coagulation aro (iolormliied with liio gold color standard. Tbo values range from 0; red, over violet to 10; blue, 

f The normal curve is cbaracterizod by maximum and strength. 

§ Examination of the fluid i-cvcaled 323 polymorphonuclear leukocytes per S cu. mm., a cobweb-like coagulum of fibrin and tuborelo bacilli. 

be hematogenous (meningitic) [?]) curve demonstrates passage of blood colloids into the cerebrospinal fluid, a.s encountered in eases of subarachnoid block and hemorrhage. 
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QUALITATIVE ASPECT OF THE DEMENTIA 
PARALYTICA FORMULA 

Qualitatively, the dementia paralytica formula 
is characterized the combination of a positive 
complement fixation reaction of the cerebrospinal 
fluid for syphilis and the colloidal gold curve for 
dementia paralytica. The grave prognostic sig- 
nificance of the dementia paralytica formula de- 
pends on the presence of the dementia paralytica 
curve, but only if technically “false dementia 
paralytica curves” are eliminated, which may be 
due either to an incorrect type definition or to an 
unsatisfactory pn of the milieu.® On the basis of 
tlie reproducible results of the quantitative gold 
test, a “true dementia paralytica curve” (table 1, 
no. 4) is characterized by a broad plateau of com- 
plete coagulation, reaching a dilution of from 
1 : 600 to 1 : 2,000. The coagulation becomes 


first zone curve” as the residual of a dementia 
paralytica curve after treatment. The ensemble, 
particularl)'^ the' almost normal total protein con- 
tent, renders it obvious that prognostically this 
first zone curve has ceased to be a dementia para- 
lytica curve. This quantitative definition of the 
dementia paral3dica curve eliminates false curves 
due to incorrect definition. 

Finally, that a true dementia paralytica curve 
is never a first zone curve is demonstrated by 
the “speed maximum,” which lies in table 1, no. 
4, in the dilution 1 ; 256, and not in the first zone. 
The speed maximum is indicated bj' the di- 
lution exhibiting the maximum speed of coagula- 
tion; in other types of neurosj^philis it is fairly 
identical with the maximum read after two 
hours. The speed maximum for the dementia 
paralydica curve disappears after about five 


Table 2. — Telescoped and False Dcmcniia Paralytica Curves 


Serial 

No. Material 

Tcclinie 




Various Serial Dilutions 



Type of 












Dilutions 

l;2 

1;-1 

i;s 

1:10 

1*02 

1:01 

1:128 

1:250 

1:500 

T.1.000 

1 Demotttia paralytica 
cerebrospinal fluid 
(table 1, no. 4) 

Mastic ■ 

4 

5 

5 

5 

5 

5 

4 

O 

1 

0 Teloscoiwd 
mastic curve 
1/30 breadth of 
curve in table 

1, no. 4 


Diiutlons 

1:10 

1:20 

1:40 

1:80 

1:100 

1:320 

l:r.i0 

1:1, 2S0 

1:2,500 

1:5,000 

2 Dementia paralytica 
cerebrospinal fluid 
(table 1, no. 4) 

Original colioidal 
gold test “ 

5* 

6 

5 

O 

5 

5 

4 

u 

1 

0 Shorter gold 
curve, 1/0 of 
curve in table 

1, no. 4 


Dilutions 

1:15 

1:23 

1:34 

1:51 

1:70 

1:114 

1:171 

1:250 

i:;«i 

1:570 

3 Tuberculous cerebro- 
spinal fluid 
(table 1, no. 3) 

Quantitative col- 
loidal gold test, 
buffer pit 0.2 

18 

18 

18 

IS 

18 

17 

17 

17 

10 

15 False dementia 
paralytica, due 
to inadequate 
pn 

4 Normal cerebro- 
spinal fluid (table 1, 
no. 1), after bac- 
terial con- 
tamination 

Quantitative col- 
loidal gold test, 
correct pu 7.4 

5 

5 

5 

4.5 

4.5 

4 

3 

O 

1.5 

1 Nonsyphilitic 
first zone curve 


* In numbers 1 and 2 the degree of coagulation was subjectively appraised; 5 means complete coagulation. In numbers 3 
and 4 the gold color standard was used. 


complete only after several hours, but after two 
hours, the usual reading time, it is almost com- 
plete. At this time the dementia paralytica curve 
is differentiated from all other types of curves 
by the absence of a prezone and a maximum. A 
misleading type definition is the widely adopted 
identification of “first zone curves” with de- 
mentia paralytica curves. It is easy to demon- 
strate experimentally that a true dementia para- 
lytica curve is ner^er a first zone curve and vice 
versa. In table 2, no. 4 is shown a true first zone 
curve, artificially elicited ivith a normal cerebro- 
spinal fluid (table 1, no. 1) by bacterial contami- 
nation. Identification of this type with the de- 
mentia paralytica curve (table 1, no. 4) obviously 
destroys the practical value of the latter. Fur- 
thermore, in table 1, no. 8 is shown a “syphilitic 

3. Lange, C., and Harris, A. H.: The Significance 
of the pn in the Gold Reaction, J. Lab. & Clin. Med. 
29:970-975, 1944. 


minutes, because in a broad range of complete 
coagulation quantitative differences are bound to 
disappear finalljL To sum up, the adequate utili- 
zation of the formula encountered with dementia 
paralytica requires a qualitatively and quantita- 
tively correct definition of the dementia paralyTica 
curve, as given here. To call a true dementia 
paralytica curve (table 1, no. 4) incorrectly- a 
“first zone curve,” as will be shown subsequently, 
is only a comparatively harmless misnomer. 
However, the identification of the true “first zone 
curve” (table 2, no. 4) with the dementia para- 
lytica curves leads to serious trouble. 

The second part of the qualitative aspect of 
the dementia paralytica formula concerns the 
question whether the difference between the 
curve for dementia paralytica and the curve for 
sy'philis is onty a difference of degree, as is al- 
most generally believed, or one of kind. The 
experimental demonstration of the “dementia 
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paralytica substance’ shows that the peculiar 
character of the dementia paralytica airve is due 
to a radical qualitative difference. 

After the cerebrospinal fluid in a case of de- 
mentia paralytica (table 1, no, 4) was heated 
for ten minutes at 70 C., the colloidal gold curve 
(table 1, no. 9) lost its dementia paralytica 
character and became more similar to the type 
obtained with tuberculous meningitis. This 
experiment suggests that heating inactivates a 
substance which is mainly responsible for the 
dementia paralytica character of the curve. This 
substance has not as yet been isolated, but it 
seems to be an abnormal pseudoglobulin-like com- 
pound, which is heat sensitive and nondialyzable ; 
it is not removed with the euglobulins but is 
precipitated by 50 per cent saturation with am- 
monium sulfate. This substance is abnormal in 
that, contrary to the behavior of normal globulins 
in the cerebrospinal fluid, it coagulates colloidal 
gold in an electrolyte-poor milieu. Under these 
conditions,, fortunately it can be demonstrated 
without any interference by other globulins. In 
order to maintain the same pn as in the routine 
gold reaction, the cerebrospinal fluid in a case of 
dementia paralytica (table 1, no. 4) was dialyzed 
against a hundredth-molar solution of the usual 
phosphate buffer ® of pn 7.4. (Dialysis against 
distilled water would produce a pn of about 5.7 to 
6.0, with entirely different results.) The par- 
tially precipitated euglobulin after dialysis was 
removed and* the supernatant fluid tested. A 
hundredth-molar buffer solution was used as 
diluent, and the acid “citrate gold” ;sol was neutra- 
lized to pn 7.4 shortly before use. In this electro- 
lyte-poor milieu, at pn 7.4, in which neither normal 
globulins nor the heated cerebrospinal fluid of a 
patient with dementia paralytica has any effect 
on the colloidal gold solution, the curve shown in 
table 1, no. 10, was obtained. The curve ex- 
hibits a broad plateau of complete coagulation 
without a prezone. It must be taken into account 
that the strength of this reaction is considerably 
reduced by the low electrolyte concentration. As 
yet this reaction in an electrolyte-poor milieu at 
pn 7.4 has been demonstrable only in cerebro- 
spinal fluids yielding a cun^e of dementia para- 
Ijhica type. The demonstration of the “dementia 
paralytica substance” provides the conclusive 
experimental differentiation of “chemically 
specific” and technically false dementia paralytica 
curves. 

The gold reaction differentiates protein pat- 
terns which on the whole are etiologically non- 
specific. In the dementia paralytica curve the 
nearest approach to etiologic specificity is 
reached, but still curves of this type are en- 
countered in 1 and 2 per cent of cases of non- 
syphilitic conditions. There remains, therefore. 


the establishment of its general pathogenic inter- 
pretation, i. e., the common causal factor that pro- 
duces the dementia paralytica curve with etiologi- 
cally different conditions. The hematogenous 
(meningitic) curve is encountered in cases of 
acute exudative inflammation, associated with 
polymorphonuclear cells, while the presence of 
fibrin demonstrates increased permeability. The 
“syphilitic curve,” however, is encountered with 
chronic nonexudative inflammation, associated 
with mononuclear cells and normal permeability. 
Accordingly, the syphilitic curve seems to indi- 
cate chronic proliferative inflammation, as en- 
countered with syphilis and multiple sclerosis, in 
contrast to bacterial infections. The dementia 
paralytica curve appears sporadically in associa- 
tion with advanced stages of epidemic encephalitis 
or other neurovirus infections and regularly with 
acute progressive stages of multiple sclerosis and 
with dementia paralytica, i. e., with forms in 
which extensive parenchymatous degeneration 
takes place. This is the reason that the designa- 
tion “parenchymatous curve” ^ was suggested in- 
stead of “dementia paralytica curve,” or the 
incorrect term “first zone curve.” The term 
“dementia paralytica cun^e,” according to the 
preceding unobjectionable definition, connotes 
“as encountered in cases of dementia paralytica.” 
The term “parenchymatous curve” seems, at 
first, much better, since it is based on a sound 
pathogenic interpretation. However, the fact is 
not expressed that in cases of t3^pical tabes, a 
parenchymatous form of neurosyphilis, a curve 
of this type is not encountered, a fact which ac- 
cordingly indicates not simply parenchymatous 
degeneration, but “extensive parenchymatous de- 
generation as encountered with dementia para- 
lytica.” In short, some reference to dementia 
paralytica is hardly avoidable. 

To sum up, the qualitative difference between 
the dementia paralytica and the syphilitic curve, 
or any other type, depends on the presence of an 
abnormal pseudoglobulin-like substance, indicat- 
ing extensive parenchymatous degeneration and 
as yet detectable only by the colloidal gold reac- 
tion. These experimental facts explain the grave 
prognostic significance of the dementia paralytica 
cun^e, irrespective of the etiologic factor, which 
is to be determined on the basis of the syndrome 
as a whole. 


^ vA’, i j. A .rx X JL V i:. .ncOiriLv^l 






PARALYTICA FORMULA 

In the quantitative aspect of the dementia 
paialytica formula, three parts must be con- 
sidered: ( 1) the demonstration of syphilitic 

4. Thompson, L. J.; Interpretation of the “Paretic 
Curve in Lange s Colloidal Gold Test, Arch. Neurol. 
& Psychiat. 5:131-145 (Feb.) 1921. 
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reagins, providing not only the etiologic diag- 
nosis but, by the fixed or recurring reaction of 
the blood, a warning to examine the cerebro- 
spinal fluid; (2) signs of degeneration, providing 
the prognostic differentiation of neurosyphilis, 
and (3) signs of inflammation, indicating the 
“activity of neurosyphilis and its amenability to 
specific treatment.” After the specific diagnosis 
of neurosyphilis is established, the signs of de- 
generation and inflammation are of predominant 
significance. Before the consideration of details, 
it must he determined which parts of the de- 
mentia paralytica formula provide information 
about inflammation or degeneration and their 
quantitative degree. 

The signs of degeneration, either clinical or 
humoral, determine the prognosis and the in- 
tensity of therapy, which varies in cases of 
neurosyphilis from routine therapy to the mod- 
ern treatment of dementia paralytica. Clinical 
and humoral signs of degeneration are in most 
respects different and supplement each other. 
A dementia paralytica curve indicates that exten- 
sive degeneration is still going on, while in cases 
of a burnt-out process clinical signs of degen- 
eration survive the active stage, i. e., the inflam- 
matory process. Vascular insults may occur 
years after the primary inflammation has come 
to a standstill, as indicated b}' a normal cerebro- 
spinal fluid. Tabetic signs of degeneration do 
not necessarily indicate “active neurosyphilis, 
amenable to treatment.” Humoral signs provide 
no localization, while clinical degenerative signs 
may assume a specific character, through their 
topographic arrangement alone. With typical 
tabes no dementia paralytica curve is observed, in 
contrast to clinical signs and symptoms of par- 
enchymatous degeneration or irritation. With 
tabes the clinical manifestation is more sensitive ; 
the colloidal gold test is unable to detect such low 
degrees of degeneration. If extensive degener- 
ation, as indicated b)'^ the dementia paralytica 
curve, takes place in “silent areas,” no clinical 
manifestation can be expected. Humoral signs 
of degeneration may precede clinical manifesta- 
tions by many years, a fact which obviousty is 
significant from the standpoint of prevention. 
These considerable differences between clinical 
and humoral signs of degeneration are often 
overlooked. 

The presumptive effect of therapy depends on 
the ratio of inflammation to degeneration, in 
which the degree of inflammation determines 
the “activity” of the process. It is well recog- 
nized that in cases of untreated dementia para- 
lytica a low cell count, indicating torpid inflam- 
mation and an unsatisfactory defense mechanism, 
if associated with severe signs of degeneration, 
renders the prospect of therapy particularly un- 


favorable. In this connection two questions 
arise : ( 1 ) What signs of inflammation are avail- 
able? and (2) Does the absence of such signs 
exclude “active neurosyphilis, amenable to 
specific treatment”? 

First, the primary chronic inflammation in the 
central nervous system is inaccessible to clinical 
diagnosis as long as it is uncomplicated by par- 
enchymatous irritation or degeneration. Only 
humoral signs are available. In cases of chronic 
neurosyphilis, the number of cells in the cerebro- 
spinal fluid provides a quantitative e.xpression 
of the inflammation in the meninges and the 
perivascular spaces because, under conditions of 
normal permeability, the pleocytosis must he of 
local origin."’ Of the same significance is the 
increase in the total protein, which is caused by 
the lysis of the dead cells, shed into the cerebro- 
spinal fluid. It will become clear subsequently 
why in the dementia paralytica formula an ac- 
curate determination of the total protein concen- 
tration provides the best standard for the degree 
of inflammation, of the “activity” of the process. 

Secondly, it is controversial whether a normal 
cerebrospinal fluid excludes “active neuro- 
syphilis.” No agreement can be expected as long 
as the “syndrome of normality” is based on 
unsatisfactory or semiquantitative methods, and 
the presence of “activity” on possibly persistent 
clinical signs of degeneration (tabes). There 
is no evidence that “active neurosyphilis.” con- _ 
noting inflammation plus amenability to specific 
therapy, may persist anywhere in the central 
nervous system without eliciting demonstrable 
changes in the cerebrospinal fluid via the Vir- 
chow-Robin spaces, as with any hemorrhage. 
The alleged occurrence of a normal cerebrospinal 
fluid with “active neurosyphilis” seems to be 
based on the observation of the association of a 
normal cerebrospinal fluid with (persistent) 
clinical degenerative signs. That this apparent 
discrepancy between clinical signs of degenera- 
tion and a normal cerebrospinal fluid is never 
encountered in early stages of the infection sug- 
gests that it occurs only in cases of the burnt-out 
process. In short, the “syndrome of normalit)^” 
(table 3, no. 4) renders the diagnosis of “active 
neurosyphilis, amenable to treatment,” improb- 
able, particularly in later stages of the infection. 

With respect to the quantitative differences 
in dementia paratytica formulas, as yet onl}^ the 
changes encountered in cases of the typical, un- 
treated disease have been considered, which are 
characterized by the strongest reactions giv'en b}'" 

5. Lange, C. : Lumbalpunktion und Liquordiagnostik, 
in Kraus, F., and Brugseh, T. : Spezielle Pathologic und 
Therapie, Berlin, Urban & Schwarzenberg, 1923, vol. 2, 
pp. 435-686. 
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any of the forms of neurosypliilis and by a 
rough parallelism of the various elements, which 
is one of the most distinctive features of the 
cerebrospinal fluid in this disease. Today, cases 
of the untreated disease are infrequent, and the 
available material consists predominantly of cases 
of dementia paralytica or questionable 
nientia paralytica” in which more or less treat- 
ment has been received. In the course of treat- 
ment the aforementioned maximal strength and 
parallelism disappear, and three steps of ‘'dis- 
sociation” may be observed (table 3). 1. The 

number of cells is reduced out of proportion to 
the remaining elements, except during exacer- 
bations. 2. The complement fixation reaction 
of the cerebrospinal fluid occasionalty may be- 
come negative at a time when the total protein 
concenti'ation and the colloidal gold reaction are 
still distinctly abnormal, particularly in cases of 
the tabetic form of the disease. 3. In the last 
stage, when the colloidal gold curve approaches 
the normal, there may appear either a residual 
dementia paralytica curve (table 1, no. 8), sug- 
gesting residual degeneration without consider- 
able inflammation, or a weak syphilitic curve, 
suggesting residual inflammation without exten- 
sive degeneration. Accordingly, a normal cell 
picture and a negative reaction to the complement 
fixation test are less valuable for the demonstra- 
tion of cure than the total protein content, as 
the main indicator of inflammation, or the col- 
loidal gold curve, as the main indicator of degen- 
eration. The last two tests demonstrate quanti- 
tative differences throughout the whole range 
(table 3), from the strongest dementia paralytica 
formula down to “normality.” 

One may analyze now the results of the single 
tests in their quantitative relation to the thi*ee 
categories of information that the dementia para- 
lytica formula provides : The first effect of 
therap)^ is a notable decrease in the number of 
cells, particularly when the dementia paralytica 
formula shows a maximal degree of pleocytosis. 
This cytolysis produces dissolved proteins and a 
fleeting increase in the total protein, the com- 
plement fixation titer and the colloidal gold re- 
action. Now, under conditions of (almost) nor- 
mal permeability, the removal of this cytogenous 
protein is. a far slower process than the cytolysis 
itself, as is well known from the study of hemor- 
rhages.^ This circumstance is of considerable 
technical significance ; in cases of treated neuro- 
syphilis the total protein concentration, being 
more persistent and accurately determinable, is 
far superior to the number of cells as an indicator 
of the inflammatory process, the “activity of the 
neurosyphilis.” It is obvious that this situation 
requires a sufficiently accurate determination of 
the total protein concentration, for which the cur- 


rent qualitative or semiquantitative tests for 
globulin are unsatisfactory. 

An optimal complement fixation test of the 
cerebrospinal fluid for syphilis is on the whole 
superior to most flocculation tests. However, 
even if the most sensitive complement fixation 
test is used, a negative reaction of the cerebro- 
spinal fluid (table 1, no. 6) is of as little value 
as the cell picture in the demonstration of cure, 
which is to be based on the nonspecific total pro- 
tein content and the colloidal gold reaction. In 
fact, for some purposes the complement fixation 
test of the blood is more important, the value 
however, depending largely on the method used. 
In the literature, fi'om 10 to 19 per cent of nega- 
tive reactions of the blood are reported in associ- 
ation with the “dementia paralytica formula” and 
from 30 to 48 per cent, in cases of neurosyphilis 
with a positive complement fixation reaction of 
the cerebrospinal fluid. The results of the 
quantitative complement fixation test ^ are strik- 
ingly different in this respect. Of cases of neuro- 
sj'philis in which a dementia paratytica formula 
was not exhibited but a positive complement 
fixation reaction of the cerebrospinal fluid was 
obtained, only 3 to 5 per cent yielded a negative 
reaction of the blood, even including cases of the 
later stages. In no case in which the dementia 
paralytica formula was obtained was the reaction 
of the blood negative, but here the elimination 
of a “false dementia paralytica curve” was prob- 
ably more significant than the technical dif- 
ferences of the complement fixation test. Al- 
though the percentages previously cited are b}'^ 
no means conclusive, the fact that the quantita- 
tive complement fixation test ^ secures a con- 
siderably higher percentage of positive reactions 
of the blood in cases of neurosyphilis seems to be 
beyond doubt. This difference in the results of 
various technics usually is disregarded in the 
evaluation of methods, although it is most sig- 
nificant for the prevention of neurosyphilis. If, 
actually, optimal methods invariably secure a 
positive reaction of the blood in the presence of a 
dementia paralytica formula for the cerebrospinal 
fluid, all these cases of severe neurosyphilis 
could be detected by a routine examination of the 
blood, leading to examination of the cerebro- 
spinal fluid and early administration of optimal 
therapy. 

This technical factor is likewise important in 
the differentiation of the dementia paralytica 
formula ^^from the “syndrome of multiple 
sclerosis, as encountered in acute progressive 
stages. The humoral part of the latter consists 
of negative complement fixation reactions of the 
blood and the cerebrospinal fluid for syphilis com- 
bined with a dementia paralytica curve- the lat- 
ter invariably is a “weak dementia paralytica 
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curve,” such as that indicated in table 1, no. 5 
or 6. A similar humoral picture may be encoun- 
tered with typical tabetic dementia paralytica 
(table 1, no. 7). It is obvious that the value of 
a negative, i. e., in any case, less conclusive, 
element in the formula largely depends on the 
previously analyzed ability of various methods 
to secure positive reactions of the blood in cases 
of neurosyphilis. 

The colloidal gold reaction, as stated before, is 
too insensitive to detect the parenchymatous de- 
generation in cases of typical tabes. For this 
quantitative study it is necessary to select the 
most sensitive technic, of course, without its 
chemical specificity for the “dementia paralytica 
substance” being jeopardized. Since the de- 
mentia paralj'tica curve is characterized by a 
broad plateau of complete coagulation, the rela- 
tive sensitivity of various “colloid reactions” 
may be roughly determined by the breadtli of 


thirtieth, that for the quantitative colloidal gold 
test. The “telescoped” curves obtained with the 
mastic test indicate an absolute lack of sensitivity ; 
a satisfactory prognostic differentiation of neuro- 
syphilis cannot be based on the results of such a 
method, the even more unsatisfactory benzoin test 
being disregarded. 

The chemical specificity of the dementia para- 
lytica curve may today he controlled by the dem- 
onstration of the “dementia paralytica sub- 
stance.” “False dementia paralytica cur\’’es” are 
chiefly due either to the confusion with “first 
zone curves,” already discussed, or to an unsatis- 
factory technic, particularly a too low pn of the 
milieu. A comparison of table 1, no. 3, with table 
2, no. 3, shows that a change in the pn from 7.4 
to 6.2 transforms a correct hematogenous (menin- 
gitic) curve into a false dementia paralytica 
curve." Every modification of the colloidal gold 
reaction which uses acid colloidal gold solution 


T.\ble 3. — Quaiititalhc Classification oj Dementia Paralytica Formulas 


Types 

Per- Total 
centage Protein, 
in This Mg. per 
study ICO Cc. 

Colloidal Gold Reaction 

Complement 
Fl.yatlon 
Reaction of 
Blood 

Complement 
Fi.yatlon 
Reaction of Cere- 
brospinal Fluid 

Cell Picture 

l True dementia para- 
lytica formula 

S2 

About 

100-160 

True dementia paralytica 
curve (table 1, no. 4), 
complete eongulatlon up 
to dilutions of 1:000 to 
1:2,000 

Invariably 

strongly 

positive 

Strongly posi- 
tive, weaker 
than blood 
titer 

In cases of un- 
treated disease 
strong mono- 
nucleosis with 
polymorphism 

! Weak dementia para- 
lytica formula 

42 

60-100 

Complete coagulation up 
to dilutions of loss tlian 
1:600 (table 1, nos. 

5 and 6) 

strongly 

positive 

Sporadically 
negative (table 1, 
no. 0) 

After treatment 
of little value, 
c.vcept In c.xncer- 
batlons 

! Residual dementia 
paralytica formula 

20 

23-50 

Short plateau of Incom- 
plete coagulation (table 1, 
nos. 7 and 8) or 
atypical forms 

Sporadically 
negative, before 
reaction of cere- 
brospinal fluid 
became normal 

Often weakly 
positive, even 
if total protein 
content almost 
normal 

After treatment 
of little value, 
except In exacer- 
bations 

1 Xormal formula 


16-25 

Normal cuire (table 1. 
no. 1) 

Negative 

Negative 

0 2 mononuclears 
per 3 cu. mm. 


this plateau. The same dementia paralytica type 
of cerebrospinal fluid was first examined (table 

1, no. 4) by the quantitative colloidal gold 
test." The result of the original gold test,® in 
which “formol gold” was used, is shown in table 

2, no. 2, and the result of an optimal mastic test," 
in table 2, no. 1. The superior sensitivity of the 
quantitative colloidal gold test, due to the selec- 
tion of an optimal “citrate gold” sol,® is manifest. 
The plateau with the “formol gold” test is one- 
sixth, and the plateau with the mastic test one- 

6. Lange, C. : Die Ausflockung kolloidalen Goldes 
durch Zerebrospinalfliissigkeit bei luetischen Affektionen 
des Zentralnervensystems, Ztschr. f. Chemotherap. 1 : 
44-78, 1912. 

7. Emanuel, G., and Rosenfeld, H. : Die Emanuelsche 
'Mastixreaction der Ruckenmarksfliissigkeit in neuer 
Form, Klin. Wchnsclir. 6:1375-1378, 1927. 

8. Lange, C., and Harris, A. H. : A Citrate Gold of 
Optimal and Reproducible Sensitivity for Use in the 
Colloidal Gold Reaction: Its Preparation and Control, 
Am. T. Pub. Health 34:1087-1092, 1944. 


without neutralization, or tries to compensate 
for lack of sensitivity by the addition of acid, is 
bound to jdeld “false dementia paralytica curves.” 
In the quantitative colloidal gold reaction, the 
sensitivity is secured by the selection of an op- 
timal colloidal gold solution,® and the specificity, 
by maintaining the obligatory pn of 7.4 
by use of a strong buffer as a diluent; the 
reproducibility is controlled by the use of an ade- 
quate test fluid. All these factors are made pos- 
sible only by the use of a gold color standard. 
Tables 1 and 3 show that the results of the quan- 
titative gold test run fairly parallel with the 
total protein concentration throughout the quan- 
titatively different types of the dementia para- 
lytica formula. 

QUANTITATIVELY DIFFERENT TYPES OF THE 
DEMENTIA PARALYTICA FORMULA 

After the preceding technical and theoretic 
analysis, table 3 is self explanatory. The neces- 
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sily ol differentiating these types of the de- 
mentia paralytica formula is as obvious as the 
fact that their differentiation requires optimal 
quantitative methods. Type 1 is well defined 
as the maximal and fairly uniform strength 
encountered with dementia paralytica; type 3 is 
as well defined by an “almost normal” total 
protein content. The lines of demarcation of 
type 2 are of necessity arbitrary. The per- 
centages, calculated for the various types, are 
not assumed to be accurate, in view of the fact 
that the lines of demarcation of the types are 
not well defined and that inadequate data fre- 
quently accompany specimens. However, they 
seem to be sufficiently accurate to point out that 
only about one third of the dementia paralytica 
formulas, when they are detected and are to be 
evaluated for therapeutic considerations, are 
“true dementia paratytica formulas, as encoun- 
tered with dementia paralytica.” 

COl^IMENT 

Contrary to the predominantly qualitative 
concept of the dementia paralytica formula, 
Stokes ° takes account of the strength of the curve 
for the disease in the ensemble of the dementia 
paral}1;ica formula, which he calls the “red flag” 
of the disease. He states that fluids “in which 
the first-zone gold sol reaction is of great in- 
tensity, are almost invariably paretic.” From 
his data, it is obvious that he means a true 
dementia paralytica curve, according to the pre- 
vious definition. In addition, he states : 

Notwithstanding this necessity for cautious interpre- 
tation, the first-zone colloidal test in its presence or 
absence is the one most important single prognostic 
item in the spinal fluid examination with respect to 
syphilis. 

In determination of the protein, Stokes still uses 
a qualitative test for globulin but points out 
that an accurate determination of the total pro- 
tein might be preferable, which, indeed, in the 
preceding analysis was found to be the optimal 
standard for the quantitative differentiation of 
formulas of the dementia paralytica type. 

Moore,^° using an obviously different colloidal 
te.st and no quantitative specification, drew the 
following conclusion, to some degree different: 

The paretic _ formula . . . especially if treat- 
ment efforts fail to effect significant improvement, is 
of serious prognostic import. It indicates definitely that 
the patient is in danger of developing further neurologic 
progress which is particularly likely to be tabetic or 
paretic in nature. 


9. Stokes, J. H. : Modern Clinical Syphilolog}^ ed. 3, 
Philadelphia, W. B. Saunders Company, 1944 ’(a^ t> 
119; (b) p. 116. ' W I>. 

10. liloore, J. E.: The Modern Treatment of Syphilis, 
1943^’ ^ Thomas, Publisher, 


The experience of one of us (C. L.) agrees 
in principle with that of Stokes. Only, 
while Stokes bases the quantitative specification 
of the dementia paralytica formula on more 
general terms, we wish to stress the neces- 
sity of basing the quantitative differen- 
tiation on optimal quantitative methods, yielding 
reproducible results, particularly in the determi- 
nation of the total protein and the colloidal gold 
reaction,- The controversial question whether 
the dementia paralytica formula, or, rather, the 
“true dementia paralytica formula,” indicates 
dementia paralytica or, in early asymptomatic 
stages, “potential dementia paralytica,” can, for 
obvious reasons, never be conclusively solved. 
From a practical standpoint, however, the 
question may be considered academic. The 
immediate problem, after a dementia paralytica 
formula indicating extensive parenchymatous de- 
generation is detected, concerns the selection of 
the adequate intensity of therapy in order to 
stop further progress of the disease, irrespective 
of whether or not it is assumed that the con- 
dition is dementia paralytica. 

This practical task being considered, the ques- 
tion arises, as mentioned in the introduction, 
whether in the presence of a dementia paralytica 
formula the resistance to less intense treatment 
can be predicted from a single examination, 
.Stokes’s answer was: “No time for hieo’ now. 
Tryparsamide? Fever?” But this situation 
actually refers to a quantitatively defined formula 
for dementia paralytica. If Moore seems to be 
therapeutically more conservative, it must be 
considered that he speaks of a dementia paralytica 
formula generally without quantitative specifica- 
tion. The importance of wasting no time or 
money on presumably inadequate treatment after 
a dementia paralytica formula has been demon- 
strated can hardly be overrated. On the other 
hand, it seems beyond doubt that the selection 
of adequate therapy must take into account the 
striking quantitative differences of dementia 
paralytica formulas. 

Without formulation of any detailed conclu- 
sions, it may be of value to attempt to elucidate 
the therapeutic situation by a few representative 
cases selected from earlier or asymptomatic 
stages. 




fifteen months after infection, and after eight months 
of routine treatment had failed to yield a negative reac- 
tion of the blood. A “true dementia paralytica formula” 
was found, as indicated quantitatively by the total pro- 
tein content of 132 mg. per hundred cubic centimeters 
while the other results were in the same maximal range' 
In this case, the dementia paralytica formula was com- 
plete in that it included even the demonstration of 
resistance to routine treatment, so that the therapeutic 
decision was the simplest possible. 
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Case 2. — A routine premarital blood test yielded a 
positive reaction for syphilis of a very high titer. The 
cerebrospinal fluid exhibited the strongest dementia 
paralytica formula, i. e., a total protein content of 178 
mg. per hundred cubic centimeters. The question is 
whether it is at all sensible to try routine treatment 
under these conditions. 

Case 3. — Data such as are presented in table 1, no. 5, 
deserve most attention because of their frequencj'. With 
the use of a satisfactory method of determination of the 
total protein and the colloidal gold test, there cannot 
be the slightest doubt that although the formula is 
qualitatively of dementia paralytica type, it is not a 
dementia paralj'tica formula “as encountered with de- 
mentia paralytica,” in contrast to the formulas in cases 
1 and 2. The majority of the weak dementia paralytica 
formulas encountered in our experience are detected 
when the cerebrospinal fluid is submitted “for control 
of treatment,” which generally means routine treatment. 
The main difficulty in cases of this type is to determine 
whether the inferior strength of the formula is the effect 
of routine treatment, so that a factor in the dementia 
paralytica formula, particularly essential for therapeutic 
considerations, is lacking, namelj', the resistance to 
routine treatment. In an individual case, only follow-up 
study can determine whether the strength of the formula 
is progressive or regressive. In later stage.s of the infec- 
tion regression seems to be the rule, so that the “weak 
dementia paralytica formula” docs not seem to be the 
true formula with regard to the factor of greatest prac- 
tical importance, namely, the resistance to treatment. 
In short, the weak dementia paralytica formula, con- 
stituting the largest number of formulas for this disease 
obtained in this laboratory, is distinctly different from 
the true dementia paralytica formula, “as encountered 
with dementia paralytica.” 

Case 4. — The “residual dementia paralytica formulas” 
(table 1, no. 8) demonstrate beyond doubt that the quali- 
tative concept of the dementia paralytica formula is 
unsatisfactory, since it includes without differentiation 
the strongest pathologic changes and almost normal 
quantitative factors. 

To sum up, if a dementia paralytica formula 
is detected, particularly in a case of asympto- 
matic neurosyphilis, the main task consists in 
immediate selection of the most adequate form 
of therapy. For this decision, a consideration 
of the quantitatively different types of the de- 
mentia paralytica formula is indispensable. 

SUMMARY AND CONCLUSIONS 

The formula as encountered in cases of typical 
untreated dementia paralytica is one of the most 
distinctive and important diagnostic findings con- 
cerned with the cerebrospinal fluid. It provides 
the main prognostic differentiation of neuro- 
syphilis, possibly in early asymptomatic stages. 
Qualitatively, it is characterized by the combina- 
tion of a positive reaction for syphilis and a 
dementia paratytica (parenchymatous) colloidal 


gold curve and, quantitative!}', by a strength of 
all reactions which is unrivaled by other forms of 
neurosyphilis. From the practical standpoint, 
its varying resistance to specific therapy is most 
significant. 

A correct evaluation of the dementia paralytica 
formula requires the elimination of “false de- 
mentia i^aralytica curves,” due either to con- 
fusion with first zone curves or to an unsatis- 
factory pn of the milieu. The qualitative differ- 
entiation of the dementia paralytica curye from 
all other types of curves is based on the presence 
of an abnormal pseudoglobulin-like “dementia 
paralytica substance,” indicating extensive paren- 
chymatous degeneration. This explains the grave 
prognostic significance of any dementia paralytica 
curve, irrespective of whether it is encountered 
as an clement of the dementia paralytica formula 
or as ]')art of the “.syndrome of multiple scle- 
rosis.” 

When quantitatively standardized methods are 
used, particularly in the determination of total 
protein and in the colloidal gold test, striking 
quantitative differences in dementia paralytica 
formulas are demonstrable. Of cerebrosjflnal 
fluids that were submitted for control of treat- 
ment. only about one third yielded “true de- 
mentia paralytica formulas, as encountered with 
dementia paralytica,” and two thirds were nota- 
bly weaker. Whether a true dementia paralytica 
formula, detected in the early asymptomatic 
stage, means prospective development of the dis- 
ease cannot be determined ; besides, the question 
is comparatively irrelevant. At the moment of 
the detection, the problem of the presumptive 
resistance to antisyphilitic treatment is para- 
mount, since it determines the selection of 
adequately intense therapy. The direct deter- 
mination of this resistance by follow-up exami- 
nations may involve a waste of time and money. 

Without premature conclusions, the results of 
quantitative methods suggest that the resistance 
to antisyphilitic treatment roughly parallels the 
strength of the dementia paralytica formula, 
which is best expressed by the total protein 
concentration. It is suggested that the current 
qualitative concept of the dementia paralytica 
formula be abandoned and that the connection 
between this formula and its varying resistance 
to therapy on the basis of quantitatively different 
types be studied. 

Division of Laboratories and Research, New York 
State Department of Health. 
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For the past decade the surgical approach to 
the treatment of mental disease has been attain- 
ing increasing prominence ^ and recognition - in 
this country. As an attack on the intact brain 
tissue for the relief of mental symptoms, it is 
comparable to differential section of the posterior 
trigeminal root for the relief of intractable physi- 
cal pain.^ The first, and isolated, attempts at 
surgical treatment of mental derangements can 
be traced back to Burckhardt’s unilateral mul- 
tiple cortical excisions (1890), to Puusepp’s 
unilateral subcortical section of the centrum semi- 
ovale in the frontal region of the dominant hemi- 
sphere (1906 to 1910) and to Ody’s ® unilateral 
lobectomy (1936). 

The recent discoveries in the field of neuro- 
physiology and psychopathology ® were put into 
use by Egas Moniz and Almeida Lima® (1935) 

A preliminary account of this investigation was read 
at a meeting of the St. Louis Society of Psychiatry 
and Neurology’- in January 1944. 

From the Department of Neuropsychiatry (Dr. Hof- 
statter) and the Department of Neurosurgery (Dr. 
Smolik) , Washington University School of Medicine, 
and the City Sanitarium (Dr. Busch). 
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on the European continent. Freeman and 
Watts,’® in this country, have introduced and 
improved the method of bilateral prefrontal 
coring by the substitution of bilateral subcor- 
tical transection of the four prefrontal quadrants 
in the plane of the coronal suture (bilateral pre- 
frontal lobotomy). 

Clinical reports and suggestions in the 
literature indicate that effective therapeutic re- 
sults might be obtained by limiting the transection 
of the prefrontal lobe to the orbital areas alone. 
Such a procedure, if efifective, would restrict the 
extent of destruction, as well as the postoperative 
sequelae and defects. We therefore decided to 
limit our operation to section only of the orbital 
region, or lower quadrants of the frontal lobe. 
The results obtained from this modified proce- 
dure form the basis of the present report. 

METHOD 

The surgical procedure was carried out with the 
patient under anesthesia induced with solution of tri- 
bromoethanol U. S. P. After preparation of the 
operative field, a point 3 cm. posterior to the lateral 
rim of the orbit and 5 cm. above the zygomatic process 
was marked out with methylrosaniline chloride.io A 
vertical incision of about 2 cm. was then made in the 
plane of the coronal suture and carried down to the 
bone. A perforator burr hole was made in the bone 
through the suture line at the point indicated, and the 
dura was opened in a cruciate fashion. After the sur- 
face of the cortex had been coagulated, a ventricle 
needle was introduced through a stab incision in the 
avascularized area in a direction at right angles to 
the sagittal plane in order to locate the tip of the 
ventricle. Occasionally additional bone had to be ron- 
geured away anteriorly in order to reach the tip of the 
anterior horn. A Sachs dural dissector was introduced 
along the needle in front of the ventricle to a distance 
of 5 cm. from the surface of the skull. A cut was 
made in the plane of the coronal suture, the incision 
beginning at the level of the burr hole and being 

10. Freeman, W., and Watts, J.: Psychosurgery, 
Springfield, 111., Charles C Thomas, Publisher, 1942. 

11. Strecker, E. A.; Palmer, H. D., and Grant, F. C.: 
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12. Alexander, L., in discussion on Mixter, W. J.; 
Till^son, K. J., and Wies, D. D. : Frontal Lobotomy 
m Two l^tients with Agitated Depression, Arch. 
Neurol. & Psychiat. 44:236 (July) 1940. 
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directed downward. The area above the burr hole was 
left intact. After the section a catheter was introduced, 
and irrigation with warm saline solution was carried 
out until the return was clear. In a few instances 
iodized poppyseed oil was injected to demarcate the 
plane of the section (figure). Closure was made in 
layers with silk. A similar procedure was carried out 
on the opposite side. The patients were routinely re- 
strained for three days to prevent their pulling at the 
dressing. 

CLINICAL MATERIAL 

In this series, 45 patients at the City Sanitarium 
have been operated on since May 1942. Thirty patients 
of this series were studied for over twelve months after 
operation. In the latter group, the first 8 patients had 
the unmodified operation described by Freeman and 
Watts, and the next 22 patients had the modified 
operation, as here described. 

These 30 patients had been mentally ill from one to 
twenty-seven years, the average duration being ten 
years, and had been institutionalized from one to twelve 
years, with an average period of three and one-half 
years. Many of these pateints showed not only social 


(insulin, mctrazol, electric shock and nitrous inhala- 
tion), the average number of treatments being thirty- 
one (table 1) with no, or only transient, amelioration 
of symptoms. In general, the outlook for these patients 
as to remission or recovery was poor, and any post- 
operative change which occurred could be regarded as 
the result of the operation. The, indications for opera- 
tion were the chronicity and malignancy of the mental 
processes, the pronounced antisocial behavior, the sui- 
cidal tendencies and the failure to respond to any of 
tlic known treatments. 

RESULTS 

The distribution of and results for patients sub- 
jected to prefrontal lobotomy are outlined in table 
2 and arranged according to psychiatric diag- 
nosis and surgical method used. Three patients 
had affective reaction t 3 'pes; 1 patient, an ob- 
sessive-compulsive state ; 2 patients, neurasthenia ; 
4 patients, epilepsy with psychosis, and 20 pa- 
tients, that is, 66 per cent, schizophrenia. 


Table 1. — Data on Unsuccessful Preoperalive Shock Trcalmcni of Patients JVho Undei'zrcnt Section 

of the Orbital Area 
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2o 
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* Tho data on 4 epileptic patients with psychosis are not included in the computation, 
f Included with this figure are CO nitrogen inhalation treatments. 


maladjustment but antisocial behavior on a noisy, com- 
bative and destructive level. The majority (85 per 
cent) had received various forms of shock therapy 



Anteroposterior roentgenogram of a patient with 
catatonia after bilateral section of the orbital quadrants, 
showing distribution of the iodized poppj''seed oil in the 
area of the section. The patient had been ill three and 
a halt years and was now “much improved.” 


We considered the condition as “much im- 
proved” when the patient was able to resume 
his social activities and to return to his former 
level of occupation, as “improved” when the 
patient made a definitely better institutional ad- 
justment and was assigned responsibilities which 
he had been incapable of assuming before the 
operation, as “slightly improved” when the pa- 
tient’s conduct and changes in behavior were 
such that nursing and custodial care were re- 
duced and transfer to quieter halls and to a 
pleasanter environment was facilitated and as 
“not improved,” when the patient showed no 
change in his behavior. 

Two of the 3 patients with affective reaction 
types showed much improvement and vvere dis- 
charged. Both had depression with agitation. 
The condition of the third, with a chronic manic 
state, improved, and she was returned to her 
family. 

One fiatient with obsessive-conrpulsive neurosis 
had a typical history dating from childhood. 
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with increasing symptoms during the years prior 
to institutionalization. After operation the com- 
pulsive activities gradually subsided. The patient 
was able to take a \var job, in addition to the 
responsibilities in her home, and divorce pro- 
ceedings instituted prior to her hospitalization 
were dropped by her husband. 

Two neurasthenic patients, with several 
admissions to the institution, could not adjust on 
the outside before the operation. Their numerous 
somatic complaints progressively decreased after 
the operation. A somatic delusion which altered 
one patient’s body image also disappeared. The 


however, shortly before the onset of their menses 
and of their epileptic seizures, they go through 
periods of increased irritability, the degree of 
which is less intense than before. 

The schizophrenic group, table 3, comprised 
2 patients with hebephrenia, 4 with catatonia 
and 14 (i. d, 70 per cent) with paranoia. Seven 
patients (30 per cent) showed much improve- 
ment; 4 improvement, and 9, slight or no im- 
provement. The rate of recovery increases 
progressively from the hebephrenic to the cata- 
tonic to the paranoid group. The hebephrenic 
patient becomes more extroverted, interested and 


Table 2. — Rcsulls of Bilateral Prefrontal Lobotomy 
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Table 3.— 

-Results of 

Bilateral Prefrontal Lobotomy 

in Patients with Schizophrenia 
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other patient was discharged, became pregnant 
and is adjusting normally to the pregnancy, 
though she had formerly dreaded this possibility. 

Four patients suffering from epilepsy with 
psychosis displayed sullenness, irritability, noisi- 
ness and violence as their common features. One 
patient responded to disturbing auditory halluci- 
nations of an immoral nature with violent attacks 
on the environment. Her hallucinations subsided 
after the operation, but her seizures continued 
at about the same frequency. Her tendency to 
blame others for her difficulties is still present 
to some extent but does not now interfere with 
her adjustment on the outside as a housemaid. 
The other 3 patients have shown improvement 
and are now helpful and cooperative in the ward ; 


active; the catatonic patient loses his impulsive- 
ness and negativism ; the paranoid patient loses 
his intense interest in his delusions; he may or 
may not lose his hallucinations, but be certainly 
does not respond to them with the emotional 
impetus evident before operation. He does not 
answer the voices, does not fight back, does not 
try to keep the voices out by sticking his fingers 
in his ears. The outlook for the paranoid patients 
in general appears much more favorable than 
was anticipated. 

One patient, _ with catatonia, failed to show 
impi ovement with the modified operation. After 
a four month period of obsen^ation, a second 
operation was performed, and all four quadrants 
were transected. This patient still shows no im- 
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provement. eight months after the second ojicra- 
tion. 

None of the patients hecaine n-orse after the 
operation. No death occurred in our series 
either after operation or at a more remote period. 
There were no instances of infection. So far, in 
none of the patients has epilepsy developed. This 
sequela occurs, we believe, when the attack on 
the prefronal lobes is carried out through open- 
ings placed close to the premotor area; the re- 
sulting trauma, hemorrhage and edema which 
occv\r may more readily involve the motor 
regions and thus lead to the development of 
epileptic seizures. Our epileptic patients with 
psychosis exhibited no amelioration and no in- 
crease of the epileptic seizures after the lobotomy. 
Occasional transitory fluctuations in the blood 
pressure in either direction were noticed during 
the procedure, but no positive or permanent 
changes occurred. 

Considerable thickening of the dura was a 
rather consistent observation for the patients 
u ith long-standing psychoses. In many j^atients 
a considerable collection of subaraebnoid fluid 
was encountered and had to be evacuated. In 
some patients roentgenograms showed the in- 
jected iodized poppyseed oil intraventricularly ; 
whether the negative pressure exerted by tlie 
suction caused a tear in the ventricle, or whether 
actual transection of the tip of the ventricle bad 
taken place, is uncertain. Transection of the 
tip of the lateral ventricle in no way affected 
the therapeutic results. 

Transitory incontinence occurred in 4 of the 
22 patients in whom only the lower quadrants 
were sectioned and in 4 of 8 patients in whom 
all quadrants were transected. One patient had 
a dilated pupil on one side, which persisted for 
several days. Two patients had slight hemi- 
paresis, which was minimal and rapidl}’^ dis- 
appeared. With 2 patients there was no speech 
production for about one week. Speech produc- 
tion was occasionally scanty and often in whis- 
pers, but it returned to its normal amount and 
intonation within a week. Some patients, how- 
ever, exhibited transient slowing of speech, 
thought and motor activity ; lack of interest, 
initiative and spontaneity, and flattening of facial 
expression. The retardation slowly disappeared, 
and the patient became more normal. These 
signs were less pronounced and returned to nor- 
mal in a shorter period in patients in whom 
only the orbital quadrants were cut. 

Delusional ideas might disappear rapidly or 
might continue with less emotional impetus than 
before. Auditory hallucinations might persist 
for some time but failed to keep the patient 
absorbed or upset. Postoperative confusion and 
disorientation were infrequently observed in 


patients, either with or without a favorable out- 
come. None of the patients was aware, or was 
willing to admit, that they had undergone an 
operation and showed no concern about it. Alert- 
ness and responsiveness on the first postopera- 
tive day did not interfere with the successful 
outcome of the operation. Improvement occurred 
gradually, within a few weeks, or might take as 
long as a year. Patience on the part of the 
physician was usually rewarded. 

Most of the patients ate iheir meals heartily, 
some to excess. The gain in weight of the 
patients is indicated in table 4, and the results 
support the observations of Lyerly and others. 
Frequently we noted an increase in tissue turgor 
and a fulness of facial features that made the 
patient appear younger. 

During the period of convalescence the pa- 
tient’s psychotic behavior persisted to some ex- 
tent; then inertia became more prominent, and 
the patient frequently complained of inability to 
overcome his dulness. The period of relative list- 


T.\Bi.n 4. — Correlation, of Changes in iV eight zvith 
Clinical Results of Bilateral Prefrojttal Lobotomy 
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Clinical ClinnKc 

Giiln In 'WclKlit 

Lo's of WciRllt 

Much improvement 

Improvement 

22 

C 


SliRht Improvement 

No improvement 

3 

1 


Icssness was followed by one of overactivity. It 
is at this time that the patient is most in need of 
assistance and direction toward a more normal 
adjustment. With anxiety diminished and the 
expression of the inherent trend reduced, a better 
integration of the personality can he established. 

Study of the postparole status (table 5) re- 
veals that at the time of writing 9 patients are 
keeping house and carrying the full burden of their 
responsibilities, 1 patient is partially emplo 3 '^ed. 
3 patients are regular!}' employed, with 1 con- 
tributing to the manpower of the war, and 
another holds a position for the first time in 
her life. The operation apparently succeeds in 
salvaging considerable prepsychotic material 
which would have been irretrievably lost. The 
patients show resourcefulness, common sense, 
interest and planning for the futiu'e. Their lives 
are raised from an unsatisfactor}' level to one of 
useful activities. Their pathologic personality 
trends are now only faintly recognizable. The 
personality trends and the dynamics in the post- 
operative behavior are being carefully studied 

13. Lyerly, J. G. ; Prefrontal Lobotomv in Involu- 
tional Melancholia, J. Florida kl. A. 25:225, 1938. 
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and will be the basis of a future report, together 
with correlative psychologic testings. 

COMMENT 

The postoperative rate of recovery of 40 per 
cent of the total number of our patients com- 
pares favorably with the computed average of 
31.3 per cent of seventeen other American cen- 
ters. This also holds true for the recovery rates 
within the individual diagnostic groups.^^ The 
results of surgical intervention on onty the orbital 
quadrants in these patients appear at least equal 
to the results obtained with transection of all 
four quadrants. The incidence of transitory 
postoperative urinary incontinence was found to 
be considerably lower (18 per cent) for the 
patients with the modified section of the orbital 
quadrants than for patients with section of all 
four quadrants (50 per cent).^° In the post- 


Schuster^® (1902) had the impression that in- 
volvement of the orbital lobes was to a higher 
degree responsible for the occurrence of 
emotional changes. The role of the orbital 
lobes in emotional changes becomes apparent 
from Berger’s work (1923). His material 
comprised chiefly bilateral prefrontal lesions 
(tumors, abscesses, . injuries) within - the 
brain substance or originating from the basal 
dura, such as tumors of- the olfactory groove. 
He concluded that damage to the orbital lobes, 
especially to Brodmann’s area 1 1, would without 
exception result in changes in personality. 

From a study of vascular lesions of the brain, 
Alford^® (1933) inferred that emotional distur- 
bances were due to basal injuries. Kleist 
(1937) attributed a central function in the emo- 
tional life to the orbital surface. Lemke-® (1936) 
concurred in the opinion that changes in person- 


Table 5. — Status of Patients Follozving Bilateral Prefrontal Lobotomy (May 1942 to June 1944) 
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operative course the dulling and slowing were 
less pronounced with the modified operation. 

Freeman and Watts (page 81) observed 
that placement of the cores in the lower part of 
the frontal lobes produced a higher incidence 
of good results than cores placed in the upper 
part of the frontal lobes. The significance of 
the orbital areas is apparent in the development 
of the surgical treatment of mental disorders. 
The various methods have progressed from Ihe 
convexity of the prefrontal region to its sub- 
cortical strata, and finally to its orbital strata. 
The relation of emotional changes to lesions of 
the orbital area and the constancy of these lesions 
in 11 reported cases of changes in character, 
including the famous crowbar case of Harlow, 
were first pointed out by Welt (1888). From 
a statistical study of 785 cases of cerebral tumors, 

14. Walker, A. E. : Psychosurger}^ ; Collective Re- 

view, Internat. Abstr, Surg. 78:1, 1944; in Surg., 
Gynec. & Obst., January 1944. ’ 

15. Welt, L. : Ueber Charakterveriinderungen des 
Menschen infolge von Lasionen des Stirnhirns, Deutsches 
Arch. f. klin. Med. 42:339, 1888.. 


ality were particularly likely to appear in cases 
of tumor near the orbital surface. Griinthal 
(1936) asserted that emotional disturbances and 
anomalies of behavior occur after trauma to the 
basal surfaces of the frontal lobes. In cases of 
Pick’s disease he referred the initial lack of 
affective self control to damage to the orbital 
prefrontal area. Spatz=“ (1937) concluded that 


16. Schuster, P.; Psychische Stbrungen bei Hirn- 
tumoren, Stuttgart, F. Enke, 1902. 

17. Berger, H.: Klinische Beitrage zur Pathologic 
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region. Arch. f. Psychiat. 69:1, 1923. 
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f. d. ges. Neurol, u. Psychiat. 158:159, 1937. 

20. Lemke, R. : TJeber doppelseitige Hirntumoren, 
Arch. f. Psychiat. 106:54, 1936. 
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lesions of the “basal cortex,” meningiomas, 
atrophy associated with Pick’s disease, con- 
tusions and dementia paralytica lead to 
emotional changes and referred to the importance 
of the “basal cortex” for the functions of the 
“human psyche.” In his recent detailed study 
on 32 cases of tumor, Rylander ( 1939) ob- 
tained evidence that the basal parts of the frontal 
lobe play an important role in the emotional life, 
since 24 of his patients with parts of the orljital 
region removed showed emotional changes. 

These results support the assumption that the 
basal parts of the frontal lobes are integrated 
in the emotional life. Further evidence for their 
role in the regulation of emotion comes from the 
experimental work on animals. Bilateral ex- 
perimental lesions of the base of the brain (pre- 
chiasmal) in cats, according to Fulton and 
, Ingraham (1929), produced predominantly 
emotional disturbances. After prefrontal lobec- 
tomies, Walker-'^ (1938) observed degeneration 

23. Rylander, G. : Personality Changes After Opera- 
tions on the Frontal Lobes, London, Oxford University 
Press, 1939, p. 296. 

24. Fulton, I. F., and Ingraham, F. D. : Emotional 
Disturbances Following Experimental Lesion of the 
Base of the Brain (.Pre-Chiasmal), J. Physiol. 67:27, 
1929. 

25. Walker, A. E. : The Primate Tlialamus, Cliicago, 
University of Chicago Press, 1938. 


in the dorsal medial nucleus of the primate 
thalamus which he showed has not only connec- 
tions with the hypothalamus but a projection 
system of fibers to the orbital surface of the 
frontal lobes (areas 9, 10 and 12). 

All these observations point to a special sig- 
nificance of the basal part of the frontal lobes 
for the regulation of emotion (Goldstein-®). 
The effect of section of the orbital part of the 
prefrontal lobes on the emotional life of patients 
with mental disease appears to confirm the as- 
sumption of an important role of the basal part 
of the prefrontal lobes in the emotional mecha- 
nism (Lashley-') of emotion. 

SUMM.\RV 

In a series of 22 patients with mental dis- 
orders, chiefly paranoid schizophrenia, a satis- 
factory therapeutic result was obtained with a 
modified technic of prefrontal lobotomy, in which 
only the orbital areas were sectioned. 

The orbital areas of the frontal lobes .seem to 
have a role in regulation of the emotions. 

26. Goldstein, K. : The Mental Changes Due to 
Frontal Lobe Damage, J. Psychol. 17:187, 1944. 

27. Lashley, K. S.: Functional Determinants of 
Cerebral Localization, Arch. Neurol. & Psvehiat. 38: 
371 (Aug.) 1937. 



MENINGIOMA OBSTRUCTING THE FORAMEN MAGNUM 

A. E. BENNETT, M.D., and A. FORTES, M.D. 

OMAHA 


Meningeal tumor obstructing the foramen 
magnum is relativel}’- rare and until recently has 
seldom been diagnosed ante mortem. A survey 
of the literature up to 1937 reveals only 14 cases 
with adequate clinical records, in all of which 
the diagnosis was made at necropsy. In 1938 
Cushing and Eisenhardt,’^ in their monograph, 
stated : 

Whether a meningioma arising from tlie basilar 
groove which must be overlain and concealed by a 
posteriorly dislodged medulla and its emerging nerves 
could be safely exposed and surgically enucleated must 
be left for further experience to determine. 

They recorded 4 cases in which surgical treat- 
ment was attempted, in all of which the termina- 
tion was fatal. 

Since 1937 about 35 cases have" been reported 
in which various kinds of tumors obstructing 
the foramen magnum were successfully removed. 
In at least two thirds of these cases the tumor 
was an upper cervical meningioma projecting 
into the foramen magnum of a supraforaminal 
tumor extending into the cervical space. The 
following authors made reports : Voss,^ 4 cases ; 
Gardner, Karnosh and McNerney,^ 1 case; Fay,'^ 
1 case ; Lereboullet and Puech,® 2 cases ; Ecker,*’ 
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ciation, Oct. 31, 1944, Chicago. 

From the Neuropsychiatric Research Department of 
the Bishop Clarkson Memorial Hospital. 

* Fellow in Neurops 3 xhiatry from the clinic of Dr. S. 
Ramirez Moreno, Mexico, D. F., Mexico. 
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1 case; Love and Adson," 23 cases (all types of 
tumors) ; Friedman,® 2 cases ; List,® 1 case (mul- 
tiple meningioma). 

In order to obtain unpublished cases of recov- 
ery, we questioned a number of neurosurgical 
clinics. Because of wartime difficulties many 
clinics were unable to review their records ; the 
few responses showed a surprising number of 
cases of tumor involving the foramen magnum, 
as follows: the Lahe}^ Clinic, 6 cases; the Uni- 
versity of Michigan, 4 cases ; the Jewish Hospital 
of Brooklyn, 7 cases ; the Cleveland Clinic, 
3 cases; the University of California, 2 cases, 
and the Temple University Clinic, 2 cases — a 
total of 24 cases with recovery. In addition, a 
number of fatal cases were reported. These 
figures show that tumor involving the region 
described is not so rare as a review of the litera- 
ture indicates and that since Cushing’s pessimistic 
observation in 1938 neurosurgical technic has 
been greatly improved. 

Our study was prompted by a recent unusual 
case of meningioma of the basilar groove occur- 
ring in a criticall}^ ill patient who for several 
months presented serious problems of clinical 
management. Difficulties in the diagnosis of 
this syndrome involve the differentiation of a 
large number of conditions, such as amyotrophic 
lateral sclerosis, syringomyelia, combined scle- 
rosis (dorsolateral spinal degeneration), neu- 
ronitis, bony deformities of the foramen magnum, 
atlas and axis (platybasia) and congenital myelo- 
dysplasia. 

REFORT OF A CASE 

History. — C. H., a flying instructor in the Army aged 
23, had a past history of no importance except for an 
attack of “flu” a year before, when he was at a camp 
in Texas. He was treated with sulfonamide compounds, 
was in, bed a week, and lost 10 pounds (4.5 Kg.) in 
weight. He had severe occipital headaches but no pain 


7. Love, J. G., and Adson, A. W. : Tumor of the 
Foramen Magnum, Tr. Am. Neurol. A. 67:78-81, 1941. 
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9. List, C. F. : Multiple Meningiomas : Removal of 
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Neurol. & Psychiat. 50:335-341 (Sept.) 1943. 
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in the head or neck thereafter. He was still weak on 
return to work. 

Six months later, in October 1942, he again lost ap- 
petite and weight, but thought that he was neurotic be- 
cause of emotional strain and worry over several acci- 
dents among cadet students. He noted a tight, bandlike 
sensation about the abdomen and difficulty at times in 
starting urination. 

In February 1943 he noticed progressive numbness 
and weakness of the left hand, felt too weak to ride 
his bicycle to work and had increasing difficulty in 
getting in and out of the airplane. His fingers became 
so numb that he could not button his clothes. The last 
day he flew (two weeks before our examination) he 
got out of the plane only after a great struggle, wheeled 
his bicycle home and collapsed on the lawn, the bicycle 
falling on top of him. 

He was sent by plane from Texas to his home in 
Omaha on two weeks’ leave. Tremor of the right 
hand then developed, with inability to write or feed 
bimself ; weakness of the legs and spasmodic involuntary 
jerking movements occurred, and breathing became very 
difficult. 

Neurologic Examiuation . — There were paralysis of 
the left side of the tongue, with atrophy and fibrillations, 
and notable paresis of the neck muscles and the inter- 
costal and diaphragmatic muscles. The patient was 
extremely dyspneic, using the accessory muscles of 
respiration. Examination showed spastic flexor pa- 
ralysis with atrophy of both arms, which was most 
conspicuous in the muscles of the hand; fibrillation of 
the muscles of the shoulders; exaggerated tendon re- 
flexes, and a Hoffmann reflex bilaterally. The ab- 
dominal and cremasteric reflexes were absent. The 
legs showed almost complete spastic paralysis, with 
exaggerated tendon reflexes, clonus and all the reflexes 
indicative of involvement of the pyramidal tract. The 
slightest stimulation produced extreme massive in- 
voluntarj' spasm. The results of sensory examination 
were hard to evaluate because of the patient’s difficulty 
in breathing and talking. Hypalgesia of the left arm 
and the left side of the trunk was patchy and question- 
able. There was no spontaneous pain and no involve- 
ment of proprioceptive function. 

Course of Illitcss and Further Studies . — The patient 
was immediately hospitalized, on April 5, 1943, with a 
working diagnosis of acute amyotropic lateral sclerosis, 
which was later ruled out by the results of the first 
examination of the spinal fluid, with its total protein 
content of 500 mg. per hundred cubic centimeters. 
Because of impending complete respirator}^ paralysis, 
the patient was placed in a respirator, where he re- 
mained almost continuously for three months. 

For about sixty days further neurologic examination 
was difficult, since the patient could remain out of the 
respirator only a few minutes at a time. During April 
1943 the motor paralysis remained about the same — 
spastic quadriplegia with little voluntary movement, 
chiefly a slight movement of the fingers and toes ; 
conspicuous fibrillations, which were readily seen, and 
severe emaciation, the weight being probably about HO 
pounds (49.9 Kg.). Definite sensory changes bad 
appeared in the form of bilateral loss of pain sensation 
throughout the lower cervical and all the dorsal and 
lumbar segments. The sacral segments were not 
involved; touch sensation was well preserved. The 
patient overreacted to painful stimuli, describing them 
as a burning sensation (similar to the thalamic reaction). 

In May weakness of the sternocleidomastoid and 
trapezius muscles with atrophy was noted on the left 
side. Severe spasmodic involuntary jerking movements 


of the lower extremities occurred frequently; but the 
intercostal muscles seemed to regain power, and the 
patient could remain out of the respirator for longer 
periods. 

Routine examination of the blood and urine revealed 
nothing abnormal. Roentgenograms of the skull and 
the cervical portion of the spine showed normal 
structures. In addition to the sensory paralysis earlier 
described, the cervical segments as high as the second 
became affected. Vibration sensibility, position sense 
and astereognosis were impaired in the upper e.x- 
tremities. As noted, first examination of the spinal 
fluid showed a total protein content of 500 mg. per 
hundred cubic centimeters. A second examination, in 
May, revealed a pressure of ISO mm. of water, normal 
hydrodynamics and a total protein content of 250 mg. 
per hundred cubic centimeters. Cisternal puncture, 
twice attempted, yielded no fluid, and the unnatural 
resistance encountered suggested obstruction at the 
foramen magnum. A third spinal puncture, on June 10, 
revealed 170 mm. of water. On careful jugular com- 
pression, the pressure rose to 230 mm. and did not fall 
Irack to the initial reading ; the fluid was slightly 
xanthochromic. 

The impression at this time was that of a lesion 
involving the left side of the medulla, localized by the 
eleventh and twelfth cranial nerves and causing obstruc- 
tion of the foramen magnum — either a tumor associated 
with syringomelia or an extramedullary growth. After 
neurosurgical consultation it was decided to defer 
operation because of respirator}' embarrassment, but 
a course of higli voltage roentgen ray treatments was 
begun. Slow improvement in respiratory function fol- 
lowed, and gradually the patient was able to get along 
without thb respirator. 

The patient was then sent home for thirty days, and 
forced nutritional measures were continued. Neurologic 
examinations revealed the same spastic quadriplegia, 
with atrophy and fibrillations. At times spasmodic 
movements of the neck occurred. A fourth c.xamination 
of the spinal fluid showed evidence of complete spinal 
block. 

Surgical Procedures . — The patient was returned to 
the hospital on Sept. 4, 1943, for a two stage operation. 
In the first operation, on September 6, Dr. J. Jay 
Keegan performed a suboccipital decompression witli 
local anesthesia. The medulla was observed to be 
elevated, flattened and displaced to the right by a firm 
extramedullary tumor, presenting in the left side of 
the foramen magnum. A small piece removed for 
biopsy showed a typical meningioma (figure). Because 
of respiratory embarrassment removal was not at- 
tempted. 

For a few days there were symptoms of meningeal 
irritation from blood in the spinal fluid, but tlie patient 
showed rapid improvement, especially in respiration. 
Motor and sensory paralysis improved within one 
month, so much that the patient could walk unassisted. 
By November functional recovery was almost complete; 
only the motor paralysis of the left eleventh and 
twelfth cranial nerves remained. 

On November 15, at a second operation, a firm, 
nodular tumor was exposed in the foramen magnum, 
the main portion lying above the basilar groove, be- 
neath the medulla, and a smaller portion projecting 
through the foramen magnum about 1 cm. into the 
spinal canal. Careful dissection completely freed the 
lower portion, but removal necessitated the sacrifice 
of_ some of the roots of the eleventh cranial nerve. 
Dissection was then extended around the upper, and 
larger, portion of the tumor, which was separated with 
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ciifficulty from the cerebellum and the basilar groove, 
to \^hich it was firml}' adherent and where it apparently 
had its origin. The firm, fibrous tumor ^^as removed 
piecemeal, the total weight being 8 Gm. When dissection 
was completed, the flattened medulla and the left eleventh 
cranial nerve were quite free. The twelfth cranial 
nerve was not seen, and it was thought that it had been 
sacrificed during removal of the portion near the 
condyloid foramen. 


parent!}', neither the eleventh nor the twelfth ner\e 
was completely sacrificed at operation. The patient 
returned to full duty as an air pilot instructor in 
May 1944. 

COMMENT 

A review of symptoms and signs reported by 
the various authors shows no clearcut clinical 



The tumor is composed of spindle-shaped cells, showing a conspicuous tendency to formation of whorls. 
Some areas were fibrotic, and psammoma bodies were present. 


A diagnosis of meningioma of the left condyloid 
foramen compressing the medulla at the foramen 
magnum was thus established. 

The patient recovered uneventfully and left the hos- 
pital in two weeks. He then went to Florida for the 
winter, rapidly gained w'eight up to 150 pounds (68 Kg.) 
and through swimming exercise became veiw' muscular. 
Neurologic examination six months after removal of 
the tumor showed no abnormal signs e.xcept for slight 
atrophy of the posterior left half of the tongue and 
slight weakness of the left trapezius muscle. .Ap- 


syndrome for tumors in this location. Many 
patients, like ours, had no pain; quadriplegia, 
with both motor and sensory disturbance, was 
consistently present. Because of the rather large 
space of the ci sterna magna the tumor may grow 
to considerable size before signs of block appear. 
Roentgenographic evidence is usually negative 
for tumor in this region but does exclude platy- 
hasia; intraspinal myelographic studv may he 
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necessary. There is little consistency in the 
neurologic signs. Although in all cases spastic 
signs were present bilaterally, sensory signs were 
seldom, if ever, present, the condition thus sim- 
ulating amyotrophic lateral sclerosis. In other 
cases conspicuous signs referable to the posterior 
columns pointed to combined system disease; in 
still other cases sensory dissociation of syringo- 
myelic type was present. Astereognosis and 
cerebellar signs were likewise reported. 

The most consistent symptoms and signs are 
attacks of suboccipital pain, followed by bilateral 
spastic paralysis and some form of sensory 
paralysis, with unilateral palsies of the lower 
cranial nerves and an increased protein content 
of the spinal fluid. If signs of block are present, 
the diagnosis is certain. In a few instances evi- 
dence of increased intracranial pressure was also 
noted. 

Since studies of the spinal fluid are absolutely 
necessary for correct diagnosis, it is important 
to note that in many fatal cases reported the 
patient died within a few hours after spinal 
puncture. One of us (A. E. B.)^“ has described 
elsewhere the problem of cerebellar herniation 
and the hazards of lumbar puncture in cases in 

• 10. Bennett, A. E. ; Cerebellar Herniation into Fora- 
men Magnum, J. A, M. A. 100:1922-1925 (June 17) 
1933. 


which diagnostic signs of obstruction of the fora- 
men magnum appear. The danger of sudden res- 
piratory paralysis from tumor in this region is 
ever present, and the difficulties in managing this 
complication are well illustrated b}"^ our case. 
This danger forced us to use a respirator for sev- 
eral months, a life-saving procedure in our 
opinion. 

CONCLUSIONS 

Up to 1937 no case of operative recovery from 
meningioma obstructing the foramen magnum 
had been reported. Our compilation of about 
60 reported and unreported cases of recovery 
since that time shows that this tumor is not in- 
frequent and that notable advance in neurosur- 
gical management has occurred. 

In a case of meningioma of the condyloid fora- 
men reported here respiratory paralysis required 
management in a respirator for three months. 
Complete recovery followed a two stage opera- 
tion. 

The diagnosis of neoplastic lesions in this loca- 
tion is particularl}^ difficult because the symptoms 
resemble those of many other disorders and there 
is no clearcut clinical syndrome. Study of the 
spinal fluid is a necessary part of the diagnosis, 
but spinal puncture is extremely dangerous. 

607 Medical Arts Building. 



DIVERGENCE PARALYSIS AND HEAD TRAUMA 


NATHAN SAVITSKY, M.D., akd M. J. MADONICK, M.D. 

NEW YORK 


We have been able to find the report of only 5 
cases of divergence paralysis as a complication of 
head injury. Bielschowslcy ^ recorded the case 
of a youth aged 17 who sustained a cerebral con- 
cussion six weeks before ophthalmologic exami- 
nation. He began to see double at a distance a 
few days after the accident. Pour weeks after he 
was first seen there was no alteration in his con- 
dition. Weed reported 4 cases, in 1 of which 
the paralysis persisted three years. In a series 
of 1,550 cases of head injury encountered in 
private practice, we found 6 cases of divergence 
paralysis. In view of the paucity of such reports, 
a brief summary of these cases may be of clinical 
value. 

REPORT OF CASES 

Case 1. — A girl aged 11 years complained of head- 
ache, double vision and difficulty in reading which had 
followed an accident two years before. She had fallen 
when pushed, striking the back of her head. She was 
not unconscious at that time but spoke irrationally for 
a short period. She vomited after the accident, was 
confused and showed mental changes for several hours. 
She had frontal headaches, which became intensified 
with ocular and physical effort, was nervous and found 
it difficult to read because of ready ocular fatigue. 
Glasses did not improve her vision. Examination re- 
vealed divergence paresis ; the ankle jerks could not be 
elicited even with reenforcement; the left knee jerk was 
more active than the right, and the abdominal reflexes 
were all readily exhaustible. 

Case 2. — A white woman aged 28 struck the back of 
her head on falling when a table slipped. She was un- 
conscious for a short, but undetermined, period, vomited 
and began to see double soon after the accident. The 
double vision persisted up to the time of examination, 
eight days later. There was occasional convergence of 
the eyeballs. She also complained of paroxysmal pains 
in the back of the head and dizziness on attempting to 
sit up. Five days later she had a convulsive seizure. 
There were involuntary movements of the head from 
side to side, repeated chewing movements and occasional 
incoherent spontaneous utterances. No convulsive move- 
ments were reported. She recalled nothing after the 
spell cleared. 

Her previous history included poliomyelitis at the 
age of 2 years, followed by paralysis from the waist 
down. She was still disabled but walked with the aid 
of crutches. There was no history of double vision 
prior to the accident. 

1. Bielschowsky, A.: Ueber die sogenannte Diver- 
genzlahmung, Ber. u. d. Versamml. d. deutsch. ophth 
Gesellsch. 28:110, 1900. 

la. Weed, H. M. : Divergence Paralysis Due to 
Head Injurj-, Tr. Am. Acad. Ophth. 39:189, 1934. 


Examination showed occasional spasms of conver- 
gence. Between such spasms the red glass test revealed 
a divergence defect in the nature of homonymous diplo- 
pia in the central field ; the distance betu'een the iinages 
became greater as tlie source of light was moved away 
from the eyes. There was no evidence of palsy of the 
abducens nerve. Residual signs of old poliomyelitis were 
prominent, with atrophy and severe impairment of move- 
ment in the lower limbs and absence of reflexes. The 
patient complained of dizziness with passive movements 
of the head. 


Case 3. — A man aged 45 complained of having had 
headaches, dizziness, nervousness and double vision since 
an accident two years before, in which he was hit on 
the head by a steel hoisting cable and was thrown 
to the ground, striking his head. There was bleeding 
from the scalp and face. He was unconscious for fifteen 
minutes and vomited. He was hospitalized for three 
weeks. After leaving the hospital, he complained of 
recurring sharp pain in the back of the head every 
few hours, especiallj’^ Avith bending and on attempting to 
read. The dizziness improved somewhat shortly after 
the accident. He had had ringing in both ears on and 
off since the injury. Double vision AA'as noted imme- 
diately after the accident, especially on his looking at 
distant objects. He AA'as irritable, with pronounced intol- 
erance to noise. He became nauseated occasionally on 
bending. A month after he left the hospital, Avhile 
sitting, he suddenly lost consciousness. Clonic move- 
ments were noted in the left upper extremity. He 
vomited after this seizure. 

Examination showed that the blood pressure was 140 
systolic and 74 diastolic and the pulse rate 72. There 
was a inch (0.9 cm.) scar in the right parietal region 
and another scar, measuring 54 inch (1.9 cm.), below it. 
Auditory acuity Avas diminished on the left, AA'ith laterali- 
zation of the Weber sign to the left. The right pupil 
Avas slightly irregular and larger than the left ; both re- 
acted sluggishly to light and someAvhat better in accom- 
modation. The left palpebral fissure Avas the narroAA^er. 
There Avas definite evidence of divergence paralysis. 
Studies shoAA-ed concentric contraction of both fields. 
There Avas generalized hyperrefiexia. The patient had 
amnesia for the accident and for a short period after- 
AA^ard. He Avas impatient and irritable. 


Case 4.— A man aged 41 six years previously Avas 
hit on the right ear Avhile driving and Avas thrown out 
of the car. He Avas unconscious for an hour. A vertical 
linear fracture in the postparietal region just aboA^e the 
left mastoid Avas demonstrated roentgenogranhically. 
The patient complained of headaches, spells of dizziness 
and double Ausion, all dating from the accident. 

Examination reA^ealed dwergence paralysis. 

Case 5. A man aged 47 Avas driving a car AAffien 
it collided AA'ith another. He Avas unconscious for ten 
minutes and remained in bed for' six Aveeks. He com- 
plained of dizziness on bending his head. Double vision 
for distance had been present since the accident. 

Examination three years after the trauma disclosed 
nerve deafness on the right side. A divergence defect 
AAas demonstrated AA'ith the red glass test. 
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Case 6.— a white woman aged 42 was struck on the 
head by a heavy valise which fell from a rack. She 
was unconscious for a short, but undetermined, period. 
There was bleeding from the nose; her face and right 
eyelid were swollen, and she vomited. She saw double 
for three weeks after the accident and still had diplopia 
occasionally. 

The red glass test made fifteen months after the 
trauma disclosed homonymous diplopia in the central 
field; a hemisensory functional syndrome was also 
present on the right. 

COMMENT 

A review of 17,783 cases of acute and chronic 
head injuries reported in the literature from 1906 
to 1943 - revealed no instances of divergence 
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paraij'sis with llic exception of the cases of 
Bielschowsky and Weed. Somberg “ stated that 
no cases of diA’ergence ]:)aralysi.s had been seen 
after liead injur}'. Several authors indicated that 
diplopia was present but gave no explanation for 
it (Wortis and Jvennedy®'). The absence of 
reports of divergence paralysis as a comjdication 
of head injury is possibly due to the fact that the 
jjatient is often too ill, especially in the acute 
.stage, to be tested and, also, to the failure of the 
physician to make careful examinations to deter- 
mine its presence. Aubiheau referred to 2 
cases of disorders of associated movements of the 
eyes following head trauma but gave no details. 

The question of the probable functional or 
hysterical nature of divergence paralysis has been 
discussed by von Hippcl and Clarke. ' In our 
opinion, there is insufficient proof that this con- 
dition can occur on a hysterical basis. Tbe ap- 
jiearance of divergence palsy after a jjsychic trau- 

Injury to Cranial Nerves Including the Optic Nerves 
and Chiasma, in Brock, S. : Injuries of the Skull, Brain 
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ma does not prove its functional nature. Among 
over 2,000 cases of ps 3 '-choneuroses observed in 
private practice, no case of divergence paralysis 
was encountered which could be considered en- 
tirely functional. In this material were repre- 
sented many other functional ocular disturbances, 
such as amaurosis, tubular fields, ptosis, blepha- 
rospasm, monocular diplopia and convergence 
and accommodation spasm. There is no evidence 
that divergence palsy responds to forceful sug- 
gestive therap}^ or hypnosis. The association of 
functional sensory changes and other conversion 
phenomena does not prove the h 3 fsterical nature 
of the paralysis. 

The presence of convergence spasm in case 
2 raises the question whether divergence paral 3 ^- 
sis is reall)'^ due to convergence spasm. Tlie per- 
sistence of the homonymous diplopia for years, 
as in case 3, is somewhat against the theory of 
the existence of spasm. It is reasonable, also, 
to expect an insufficienc 3 ^ of convergence if 


spasm of this t 3 'pe is present. There was no evi- 
dence of such a defect of convergence in any of 
the patients examined. 

We are of the opinion that in such cases the 
head trauma causes injury to the hypothetic 
center for divergence in the midbrain (Bender 
and Savitsk 3 '' In view of the persistence of 
the complaint in some of our cases (as long as 
five years after the injury), the lesion is occa- 
sionall 3 '^ irreversible, perhaps a laceration. 

SUMMARY AND CONCLUSIONS 

Six cases of divergence paralysis as a compli- 
cation of head injury were encountered in a 
series of 1,550 personally observed cases of head 
trauma. 

Only 5 similar cases were found among 17,783 
cases of head injury reviewed in the literature. 

We believe this syndrome is more common 
than has heretofore been indicated. 

1882 Grand Concourse. 
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In a number of i-eports it has been shown that 
there is a significant preponderance of the “too 
slow" type of electroencephalogram for children 
with disturbances diagnosed as primary be- 
havior disorders. Jasper, Solomon and Brad- 
ley, the first to report this observation, dis- 
covered that of a sample of 71 children, 73 per 
cent showed slow abnormalities. The finding 
has been repeatedly confirmed by a large number 
of investigators. “ From this observation it 
appears that when a relatively new yardstick, 
the electroencephalogram, is aiiplied, two forms 
of the disturbance appear : primary behavior dis- 

*On leave of absence from the State University of 
Iowa. 

From the Iowa State Psychopathic Hospital and 
the State University of Iowa College of Medicine. 
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orders associated with a normal electroencephalo- 
gram, and primary behavior disorders associated 
with an abnormal electroencephalogram, the 
number of children with the latter at least equal- 
ing, and probably exceeding, the number with 
the former. 

Records which are of the “too slow” type are 
frequently associated with epilepsy and are 
broadly related to psychomotor seizures.'^ It can 
be argued that the so-called primarjf behavior 
disorders with an abnormal electroencephalo- 
gram are in reality a hitherto undetected form of 
behavior disorder associated with epilepsy, or 
perhaps a variant of psychomotor epilepsy. In 
addition, it has been discovered that there are 
strong hereditary characteristics in the electro- 
encephalograms of epileptic persons, a great pro- 
portion of the seizure-free parents of epileptic 
children exhibiting abnormal waves and, con- 
versely, the seizure-free children of epileptic 
parents showing a considerable amount of ab- 
normal electrocortical activity 

Furthermore, head injury is known to result in 
abnormality of the electroencephalogram, as are 
also anoxia, encephalitis and other conditions 
leading to known cortical involvement,® inde- 
pendent of epilepsy. Consequently, it can be 
argued that any of these conditions might be 
associated with primary behavior disorders with 
abnormal electroencephalograms. 

Since it cannot be told from the electroen- 
cephalogram, except in a restricted number of 
cases, whether the abnormality has its origin 
in genetic factors or in traumatic or infectious 

3. Gibbs, F. A., and Gibbs, E. L. : An Atlas of 
Electroencephalography, Cambridge, Mass., Lew A. 
Cummings Co., 1941. 

4. Lennox, W. G. ; Gibbs, E. L., and Gibbs, F. A.: 
Inheritance of Cerebral Dysrhythmia and Epilepsy, 
Arch. Neurol. & Psychiat 44:1155-1183 (Dec.) 1940. 
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cerebral injury, recourse to the liistory of the 
patient and of the patient’s relatives is required 
to evaluate the etiologic factors in the record. 

The present study is an extension of the ])re- 
viously reported observations and implications. 

MET]IOD 

Of a group of children with psychiatric disorders 
from whom elcctroencepiialograms iiad been obtained, 
the conditions of 67 were diagnosed as primary be- 
havior disorders. A definition of primary bcliavior 
disorders in children has never heen adequately for- 
mulated. Kanncr pointed this out in his discussion of 
the problem of nosology for children when he stated: 

“The manifoldness and complexity of behavior dis- 
orders have made systematic grouping extremely diffi- 
cult . . . This is especially true of children because 
personality is still in statu uasccudi and any cataloging, 
therefore, can at best be anticipatory rather than con- 
clusive.” Yet of the all-inclusive group of behavior 
disorders in children, certain categories can be delim- 
ited in descriptive or ctiologic terms, implying thereby 
laws which allow prediction. .-Xmong various outlines 
for the psychiatric classification of problem children is 
that of Brown, Pollock, Potter and Cohen.® which 
incorporates a combination of etiologic and descriptive 
nosolog}'. Their principal groups arc (1) mental defi- 
ciencies; (2) psjxhoses; (3) psychoncuroscs and neu- 
roses; (4) convulsive disorders, including cpilcp.sy; (5) 
behavior disorders with somatic disease or defect; (6) 
psychopatliic personalities ; (7) educational disabilities ; 
(8)' primary behavior disorders ; (9) social problems, 
and (10) other problems. We follow their nosologj’, 
so that our definition of primary behavior disorders 
coincides with theirs except that we incorporate their 
group of pS3'chopathic personalities in our definition. 
This occurs because we arc unable to differentiate these 
two groups on either a descriptive or an etiologic basis. 
Primarj' behavior disorders cannot be thought of as 
constituting a specific entity but are to be regarded as 
a heterogeneous collection of disorders formed as a 
result of the exclusion of other, better described, groups. 

Criteria for inclusion of cases in the present studj' 
were a composite record of the psychiatric, physical, 
neurologic, laboratoiy and psychometric e.xaminations 
and a detailed social historJ^ The social histories were 
comprehensive and were obtained primarih" from one 
or both parents; in a few cases they were obtained 
from a person, other than the parents, who accom- 
panied the child to the clinic. In most instances this 
material was supplemented or corroborated by social 
agencies, physicians, teachers, friends or other non- 
family members. No case was included in which the 
sj^mptoms were suspected of being sequelae of a phys- 
ical illness or injury. 

From these collected data it was then possible to 
investigate the relation of the electroencephalogram to 
factors of age, sex, famih^ historj’’ and antecedent injurj’- 
or severe illness. 

The group included children of both sexes and 
ranged in age from 6 through 15 years. All the chil- 

5. Kanner, L. : Behavior Disorders in Childhood, 
in Hunt, J. M. : Personality and the Behavior Disor- 
ders, New York, The Ronald Press Co., 1944. 

6. Brown, S.; Pollock, H. M. ; Potter, H. W., and 
Cohen, D. W. : Outline for the Psychiatric Classifica- 
tion of Problem Children, Utica, N. Y., State Hospital 
Press, 1937. 


dren had intelligence quotients above 80 on the revised 
form of the Stanford-Binet intelligence test. Physical 
examination of these 67 children at the time they were 
studied indicated no recognized relation to the beha- 
vioral problems i)rcsentcd. The most common and 
frequent findings were carious teeth, malnutrition, un- 
derdevelopment, enlarged tonsils, acne, visual refractive 
errors and obesity. One child had chronic bronchitis. 
In another youngster * rheumatic fever with cardiac 
involvement developed while he was being treated in the 
hospital (but after our examinations), and he was 
transferred to the pediatric ward. Another child had 
bilateral deafness. 

From the detailed history obtained for each child 
certain data were selected and used as criteria for the 
designation of the family historj' as positive or nega- 
tive. Preliminary examination of the histories revealed 
four ancestral types which could be clearly defined and 
labeled as positive, on the basis of the presence of one 
of the following disorders : (1) psj'chosis, (2) malad- 
justed personality (this was sometimes difficult to de- 
termine, but a positive decision was made if the person 
involved had reputedly never been able to make an 
adjustment because of inabilitj' to control his emotional 
responses, and hence was in repeated difficulties), (3). 
chronic alcoholism (this was selected because of the 
relative raritj' of this condition in this section of the 
countrj- [Iowa], and its almost constant association 
with severe personality maladjustment) and (4) epi- 
lepsj'. In most instances a positive history included 
the occurrence of the condition in a parent or grand- 
parent, the history only rarely being called positive on 
the basis of the involvement of a collateral line. 

The antecedent illnesses and injuries which were 
selected for consideration were (I) prematurity, (2) 
birth injury or questionable birth injury, (3) head 
injury complicated by unconsciousness, (4) severe ill- 
ness complicated by delirium, (5) convulsions in infancy 
(a single, isolated convulsion not believed to be of 
epileptic origin) and (6) a period of anoxemia, either 
at birth or later in life. 

Six lead electroencephalograms were made for vir- 
tually all subjects (in rare cases three lead records 
were obtained), monopolar recordings being made from 
the left and right occipital, motor and frontal regions 
of the skull. Records were made with the subject 
relaxed and the eyes closed. Small lead pellets, se- 
cured to the end of a fine enamel-insulated wire, were 
cemented to the scalp with collodion, an electrode jelly 
of the electrocardiograph type being used to enhance 
conductivity. A three channel, ink-writing oscillograph 
recorded the electroencephalogram. All recordings 
were at least eighteen minutes in length. 

In analj'sis of the electroencephalographic records a 
subjective classification was employed, since no abso- 
lutely quantitative norms are as yet available for chil- 
dren. A preliminary inspection of all of the records 
indicated that it would be possible to place each record 
into one of a series of categories. The entire series 
of records was then reviewed and assigned, on the 
basis of experience in obtaining records from 270 un- 
screened normal children (by one of us, J. R. K.), to 
its appropriate class. The most thorough quantitative 
data on what constitutes the normal electroencephalo- 
gram in children have been published by Lindsley,'!’ 

7. Lmdsley, D. B. : A Longitudinal Study of the 
Occipital Alpha Rliythm in Normal Children: Fre- 
quency and Amplitude Standards, J. Genet. Psvchol 
55:197-213, 1939. -t'sycnot. 
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who determined the variation ol frequency limits with 
age. These limits were used to define an electro- 
encephalogram as “normal.” Gibbs and Gibbs “ pub- 
lished an essentially qualitative chart of the relative 
incidences of slower than dominant' frequencies in the 
electroencephalogram at various ages. This chart and 
the experience of one of us (J. R. K.) were used to 
classify a record as other than normal. 

The exact classification is, of course, essentially sub- 
jective. Definitions of the categories follow. 

1. Normal; Records within the normal frequency 
limits derived from Lindsley’s age frequency table. 

2. Questionably normal; Records presenting not only 
the dominant frequency for the age expected, hut cither 
too slow or too fast frequencies nondominant, Imt 
present to a sufficient extent to make difficult the 
qualitative estimate of a normal record. (Such rccord.s 
are not included in the final statistical treatment of these 
data because of their uncertain allocation; clinically 
we consider these electroencephalograms “normal” in 
order to be conservative.) 

3. Abnormal ; Records presenting dominant frequen- 
cies above or below the age norm. These frequencies 

NORMAL RECORDS 


DATA 

The electroencephalograms for the 67 patients 
were classified as follows : 


Normal 27 (40 per cent) 

Questionably normal 7 (10 per cent) 

Recurrently abnormal 18 (27 per cent) 

Continuoush' abnormal 8 (12 per cent) 

Paroxysmally abnormal 7 (10 per cent) 


If the last three categories are combined, 33 
])aticnts (49 per cent of the series) had abnormal 
records. Hereafter this combined group will be 
considered as a unit. This percentage is slightly 
lower than, but consistent with, the percentage 
reported by other investigators ® for children 
with primary' behavior disorders and is con- 
sidered higher than the percentage to be ex- 
pected from a group of unscreened but pre- 
sumably normal children.” The fact that our 
percentage of abnormal records for the entire 
series is lower than that reported by' other 
authors may be attributed to our attempt to 
exclude all known or probable conditions of 
organic origin at the outset. 


QUESTIONABLE ]•<•• 

*xcc. 

ABNORMAL RECORDS 

BteunAENT 

paroxysmal 


Sample strips of electroencephalograms, illustrating 
the characteristic features of the record in each elec- 
troencephalographic category. At the left of each strip 
is the name of the category as defined in the text. At 
the right is the calibration for microvolts and for one 
second. 

These sample strips were all obtained from patients 
8 years of age. For different ages the normal fre- 
quencies vary, being slower for the younger and faster 
for the older children, but the relative differences 
among the categories remain the same. 

may appear (o) recurrently, in long bursts of several 
seconds ; (h) continuously, with no normal frequencies 
present, or (c) paroxysmally, as a sudden change to 
a seizure-like pattern, but usually occurring against 
a dominant background of normal activity; it could, 
and sometimes did, occur against a continuously too 
slow background, when the record was classified as 
“paroxysmally abnormal.” 

The figure presents samples of records illustrating 
each category. This classification was applied only to 
the “resting” record. No record obtained during or 
after hyperventilation was used in this study. 


TAnix 1 . — Analysis of the Electroencephalogram in 
Relation to Age and Sex 
' — ~ - ' ■■ 
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Table 1 presents an analysis of the electro- 
encephalograms in relation to age and sex. The 
distribution for age shows a greater percentage 
in the upper levels, for 36 (54 per cent) of the 
patients were in the age groups of 13, 14 and 15 
years. There is an apparent difference in the 
percentage of abnormal electroencephalograms 

8. Jasper, Solomon and Bradley.^ Lindsley and 
others.- 

9. In a personal communication Mr. C. E. Henry, 
who has over 2,000 electroencephalographic records on an 
unscreened group of children, stated that the percentage 
of abnormal records, with essentially the same classifi- 
cation, was approximately one-half ours. For a group 
of 270 unscreened children, records on whom were made 
by one of us (J. R. K.), this percentage was approxi- 
mately one-quarter the value for the group considered 
in the present report. 
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between the younger and the older age groups. 
Statistically, however, the difference in the dis- 
tribution of the types of electroencephalograms 
of patients younger and of patients older than 
12 years of age is not significant at the 5 per 
cent level, and one need not reject the hypothesis 
that the two distributions are the same. Other 
investigators " have reported that there is a 
greater incidence of abnormalities in younger 
than in older patients. This is al variance with 
the tendencies of our data, even though these 
tendencies are themselves insignificant. Perhaps 
the explanation lies in the judgments of normal- 
ity employed in the various investigations, for 
at earlier ages there is normally frequent slow 
activity. 

Fifty-two (77 per cent) of the patients were 
males, a ratio of 3:1. There were no statis- 
tically significant differences in regard to the 
distribution of abnormal or normal electroen- 
cephalograms for the two sexes. Thus, the data 

Table 2. — Analysis of the Elcclrocnccphalograiu in 
Relation to Family History and Antecedent 
Scz’crc Illness or Head Injury 


niectrocncophaloBi'nins 

, * 

Questionably 

Abnormal Konnal Xorma! 

Familj’ history only 0 (48%) 5 (2(j%) 5 (2C%) 

Illness or injury only 7 (54%) 0 (•4G%) 

Family history and illness or 

injury 13 (fio%) 3 (5%) C (.30%) 

Xo positive lamily history or 

previous illness or injury 4 (27%) 1 (C%) 10 (07%) 

Totals 33 (40%) 7 (11%) 27 (40%) 


in this table indicate that age and sex are not 
significant factors in relation to the electro- 
encephalographic characteristics observed. 

Table 2 presents an analyses of the electro- 
encephalograms in relation to antecedent illness, 
injury and/or family history. Thirty-nine pa- 
tients (58 per cent) had a positive family history, 
and 33 (49 per cent) had a positive history of 
illness or injury. The striking feature in this 
table is the difference between the patients who 
had neither a positive family history nor any 
significant antecedent illness or injury and the' 
patients who had both a positive family history 
and a history of illness or injury. Of the former 
group, 4 patients (27 per cent) had abnormal 
electroencephalograms, in contrast to 13 patients 
(65 per cent) of the latter group. Although the 
absolute number of patients is small in each 
group, it was possible to subject the two distri- 
butions to a statistical treatment to discover 
whether they differed significantly. With the 
method of x a level of significance of 3 per cent 
was obtained. This means that the difference 
could be attributed to chance in only 3 out of 


\ 

100 experiments and is thus statistically sig- 
nificant. 

Further examination of this table indicates 
that 9 patients (48 per cent) had abnormal 
electroencephalograms in the group with a posi- 
tive family history only and 7 (54 per cent) in the 
group with a history of antecedent illness or in- 
jury alone. When the distributions for the group 
with a positive family history and the group with 
neither a positive family history nor a history of 
illness or injury were compared by the x- test, 
the difference was found to be significant be- 
tween tbe 5 and 10 per cent levels of confidence. 
When the distributions for the group with ante- 
cedent illness or injury and the group with 
neither a positive family history nor antecedent 


Table 3. — Analysis of the Elcclroenccphalogram in 
Relation to Positive Family History 



ElectroencephaloRrams 



Questionably 
al Nonnal 

’ 

Fninlly History 

.thnonn 

Normal 

Psycliosls only 

P.sychosis and ninladjustcd 

O 

1 

2 

porsonality 

1 

3 

1 

Psychosis and alcoholism 

1 



P.sychosis and epilepsy 

1 

1 

• , 



— — 


Totals 

. 5 

5 

3 

Maladjusted personality 

Maladjusted personality and 

0 

1 

3 

psychosis 

Maladjusted personality and 

1 

o 

u 

1 

alcoholism 

Maladjusted personality and 

1 

• • 

o 

ei)ilep.«y 

1 

.. 

.. 

Totals 

12 

4 • 

0 

^Ucoholism 

3 


2 

Alcoholism and psychosis 

Alcoholism and maladjusted 

1 

•• 


personality 

1 


2 

.Alcoholism and epilepsy 

1 

.. 


Totals 

0 


4 

Epilepsy 

2 


1 

Epilepsy and psychosis 

Epilepsy and maladjusted 
personality 

1 

1 

i 


Epilepsy and nlcoholi.sm 

1 


, . 

Totals 

.. 5 

1 

1 


illness or injury were compared, the level of sig- 
nificance as revealed by the x - test fell between 
5 and 2 per cent. The first comparison may be 
regarded statistically as strongly suggesting that 
the two distributions differ, while the second is 
acceptable as indicating that a true difference 
does exist. 

Thus these data indicate that the abnormal 
electroencephalograms are related both to the 
selected factors in the family history and to ill- 
ness or injury sustained early in life. When both 
factors are present, the level of significance is 
higher than when either factor operates alone. 

The further problem then appears : Are cer- 
tain of the selected criteria for a positive family 
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history, or for the personal history of illness or 
injury of Tlie patient, closely related to electro- 
encephalographic abnormality, and are certain 
others not? The data pertaining to this question 
are presented in tables 3 and 4 . The number of 
cases is too small to allow the application of sta- 
tistical technics; yet by inspection the data are 
of interest. Table 3 presents a summary of the 
electroencephalographic data in relation to the 
four selected categories of disorders in the fam- 
ily history: ps3’chosis, maladjusted personality, 
chronic alcoholism and epilepsy. Two groups of 
patients, those in whose family history there was 
either epilepsy or maladjusted personality, stand 
out as having a relatively higher percentage of 
abnormal electroencephalograms than the other 
two groups. 


Table 4. — Analysis of the Elect rocitccl’Iialogram in 
Relation to Antecedent Illness or Head Injury 



EIcetroencopiialoKrams 



Questionably 


Illness or Injury 

-Minormal Xormal 

IConnnl 

Prematurity and birth injury.. 

0 


1 

Prematurity and head injury.. 

1 



Totals 

;i 


1 

Birth injury 

1 


J 

Birth injury and prematurity.. 

O 


1 

Birth injury and .«everc illness.. 

1 


•> 

Birth injury and convulsions... 



2 

Totals 

4 


0 

Head injury 

1 



Head injury and prematurity.. 

1 


. . 

Head injui-y. and severe illness. 

•t 

i 


Hoad injury and convulsions... 

1 



Totals '. 

. o 

1 

• • 

Severe illness 

s 


0 

Severe illness and birth injury. 

1 


o 

Severe illness and head injury.. 

2 

1 


■^Severe illness and convulsions.. 

1 


•• 

Totals 

12 

1 

s 

Convulsions 

o 


.. 

Convulsions and birth injury. 



O 

Convulsions and head injury.. 

i 


, , 

Convulsions and severe illness. 

1 



Totals 

4 


o 


Table 4 presents a summary of the electro- 
encephalograms in relation to the five selected 
categories for illness and injury in the personal 
history: prematurity, birth injury, head injury, 
severe illness and convulsions. It is here seen 
that head injuiy is more closely associated wdth 
electroencephalographic abnormalit}" than are the 
other factors. Whether these differences in tables 
3 and 4 are due to chance or are true differences 
camrot be stated until further data are at hand, 
but the implications are worthy of investigation. 

COMMENT 

All the data which have been reported on the 
electroencephalographic abnormalities associated 


with primary behavior disorders in children sug 
gest that that categor}'- may be subdivided int( 
two types : primar}-^ behavior disorders will 
normal electroencephalograms and primary be- 
havior disorders with abnormal electroencephalo- 
grams. The present data add another confirmatory 
link to a long chain of such evidence. In addition, 
they suggest the excellent probability that the 
second t3'pc can itself be further divided into two, 
or perhaps three, subt3-pes : bne in which the 
abnormal electroencephalogram may be related 
to the family history, and thus by inference is 
probabh’ hercditar3’; a second, related to illness 
or injury, sustained early in life (and of such a 
nature as to have been considered troncontribu- 
tor3' to the behavioral disturbance), and a third, 
in which both factors may be believed to operate. 
Confirmation of the first of these proposed addi- 
tional subt3-pcs can be obtained directhy b3' inves- 
tigations in which the electroencephalograms of 
both the parents and the ])rogen3' are recorded 
and are correlated with the family histor3'. It is 
probable that some parents not considered to 
furnish “positive” evidence according to the eval- 
uation of the social histories will show abnor- 
malities in the brain potentials, the presence of 
which will extend the scope of the hereditary 
implications of the abnormal electroencephalo- 
gram. At present we are engaged in such an 
undertaking. 

The implications of the abnormal record are 
clear, for one can onl3’ conclude that there is 
some pathophysiologic cortical process. The im- 
plications of the normal electroencephalogram 
are, in a sense. equall3'^ clear, that there is no 
pathophysiologic cortical process. It is of course 
necessaiy that these implications be considered 
in terms of the probabilit3" theor3y for it is known 
that such a process ma3f be dormant at the time 
of recording, and thus not be made apparent on 
the record. Furthermore, assumptions of the 
presence or absence of a pathoph3'siologic process 
can at present be referred only to the cortex. 
Subcortical processes ma3' not be normal ; yet the 
electroencephalogram ma3^ be repeatedl3' without 
discernible abnormal activit3-. (Deep lesions, for 
example, may be proved to be present and the 
electroencephalogram be normal.) Therefoi'e one 
must consider the probabilit3" unknown 

number of patients present primar3^ behavior 
disorders with normal electroencephalograms and 
still have pathologic neural function.^" 

10. These statements are not in exact accord with 
the recent e.xperimental observations of Kennard (Effects 
on the Electroencephalogram of Chronic Lesions of 
Basal Ganglia, Thalamus, and Hypothalamus of Mon- 
keys, J. Neurophysiol. 6:405-415, 1943) on the mpn- 

(Footnote continued on next page) 
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Such a pathophysiologic process may he 
causallv ascribed to several j'lossiblc factors. 
Schreiher “ presented evidence indicatinp: that of 
500 children showing nenropathologic changes, 
70 per cent had had a period oi i)rolonged ajinca 
at birth. This clinical finding has been substan- 
tiated by direct experimental test, by \\ indie and 
Becker.’- with the guinea pig as subject. Another 
factor has been indicated by Lurie and Levy,’-’’ 
who reported that the occurrence ol pertussis 
before the age of 2 years is of importance in 
determination of subsequent patterns of behavior. 
Hence, perhaps more emphasis may be placed on 
factors of previously unsuspected or nonevaluatcd 
importance, particularly in cases in which the 
electroencephalogram does not meet standards 
of normality. 

This approach appears definitely organic, but 
one can never successfully deny the tremendous 
importance of the social environment on the de- 
veloping organism. However, unless the environ- 
ment is limited and rigid, the individual organism 
has some freedom of selection from among the 
various social environments pvhich present them- 
selves to him. Out of this variety a child can 
choose that which meets his needs. Hence, a poor 
environment surrounding a given child may be 
the result of factors influencing his processes 
of selection (his own motivational processes, or 
needs). Furthermore, the child does make an 
impact on his social surroundings, and the impact 
involves energ}^ on both sides of the equation : 
The environment acts back on the child accord- 
ing to the characteristics of the impact initiated 
by him. In turn, there is, then, further impact 
on the reacting environment, and a great spiral 
of activity takes place. Even if the initial impact 
is that of society on the child, the individual 
factors present within the child determine the 
consequent development of the spiral reacting 
processes. 

The electroencephalographic data appear to 
indicate that there are discoverable and repeat- 
edly verifiable organic processes in some of the 
heterogeneous group of disturbances diagnosti- 

key, which indicate^ that induced cortical lesions may 
have no reflection in the electroencephalogram, while 
lesions in the thalamus and hypothalamus may indeed 
be reflected in the electrocortical records. There seems,' 
therefore, to be disparity between clinical experience 
and experimental fact. 

11. Schreiber, F. ; Apnea of the Newborn and Asso- 
ciated Cerebral Injury, J. A. M. A. 111:1263-1269 
(Oct. 1) 1938. 

12. Windle, W. F., and Becker, R. F. : Asphyxia 
Neonatorum: Experimental Study in the Guinea-Pig 
Am. J. Obst. & Gynec. 45:183-200, 1943. 

13. Lurie, L. A., and Levy, S. : Personality Changes 
and Behavior Disorders of Children Following Per- 
tussis, J. A. M. A. 120:890-894 (Nov. 21) 1942. 


cally categorized as primary Ijehavior disorders. 
If these organic processes are regarded as con- 
tributory to’ the disorder, sucli evidence affords 
considerable sup]:)ort to jtersons who subscribe 
to a view -of constitutional determination of 
behavior patterns. However, the present data 
suctrest that these constitutional variables be so 
defined as to include genogenic factors and char- 
acteristics acquired early in life, as a result of 
chemogcnic or histogcnic experiences which per- 
manently alter the response tendencies of the 
organism. It has been proposed” that the pat- 
tern of the electroencephalogram is determined 
constitutionally, but it has been suggested that 
such arguments should be limited to specific 
frequency bands of the electrocortical continuum 
which are known to be related to genogenic, 
histogenic and chemogcnic factors. With such a 
restriction, it follows that abnormal (i. e., exces- 
sive slow or fast) activity may represent some 
a.s])ect of the neural liinits of the behavior of the 
organism, i. e., the variables limiting the range 
of the selection process and the variables de- 
termining the environmental tolerance levels. 

We conclude from our data that these neural 
limits may be set by genetic and certain environ- 
mental factors and that the evaluation of a 
given patient depends entirely on the relative 
strength of the evidence in each of the possible 
contributory spheres : ancestral transmission, 
early physical trauma and social trauma. 

CONCLUSIONS 

1. As has frequently been shown, there is a 
high incidence of abnormality in the electro- 
encephalograms of children with primary be- 
havior disorders. In the present series of 67 
children, none of whom presented signs of 
organic disease or in whose condition an organic 
etiologic factor was suspected, 49 per cent had 
electrical brain potentials which were clearly 
abnormal. 

2. Age and sex were unrelated to electro- 
encephal ographic abnormality. 

3. Significantly greater proportions of ab- 
normal electroencephalograms were found when 
there was either a history of psychosis, mal- 
adjusted personality, chronic alcoholism or 
epilepsy in the family or a personal history of 
cerebral trauma or severe illness than when 
neither of these factors was present. 

14. Davis, H. : Some Aspects of the Electrical Ac- 
tivity of the Cerebral Cortex, in Cold Spring Harbor, 
Symposia on Quantitative Biology, Cold Spring Har- 
bor, L. I., New York, The Biological Laboratory, 1936 
vol. 4, pp. 285-291. 

15. Knott, J. R.: Electroencephalography and Physi- 
ological Psychology: Evaluation and Statement of 
Problem, Psychol. Bull. 38:944-975, 1941. 
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In the course of routine autopsies we have 
observed occasional cases of subdui'al suppura- 
tion (figs. 1 and 2) which is apparently secon- 
dary to an underlying leptomeningitis. We wish 
to eliminate from this discussion all cases of 
subdural infection secondary to causes other than 
underlying disease of the leptomeninges. Sjie- 
cifically, we exclude subdural suppuration 
secondary to extension from diseased paranasal 
sinuses, mastoid air cells and the middle ear. 
Similarly, we exclude from consideration sub- 
dural infection arising from a penetrating cranial 
injury, infected subdural hematoma and osteo- 
myelitis of the skull. 

REVIEW OF literature 

A diligent search of the literature failed to 
reveal any papers on this subject except for a 
single article by Bateman, in 1929.’- In this 
report there is a passing reference to subdural 
suppuration secondary to involvement of the 
pacchionian granulations in cases of purulent 
leptomeningitis. 

PRESENTATION OF CASES 

In a series of 95 consecutive cases of lepto- 
meningitis encountered in a total of 4,756 autop- 
sies at the Queens General Hospital, only 2 with 
subdural involvement satisfied our previously 
stated criteria. Although apparently rare, sub- 
dural suppuration probably occurs much more 
frequently than our figures indicate. More 
careful gross and microscopic examination of the 
dura in all cases of leptomeningitis should bear 
out this assumption. 

Case 1. — A white man aged 61 was admitted to the 
hospital one month before his death with the complaint 
of weakness and eructation. The past history was non- 
contributory. The history of the present illness was 
unclear and largely irrelevant, as the patient had 
neither signs nor symptoms of meningitis at the time 
of admission. Recurrent attacks of painless jaundice 
had been present for six months. This was followed 


From the Department of Pathologj’’, Queens General 
Hospital, 

1. Bateman, J. F.: Meningitis with Special Ref- 
erence to the Role of the Pacchionian Bodies, Ohio 
State M. J. 25:970-976, 1929. 


by the eventual development of the classic signs of 
neoplastic obstruction of the common bile duct. 

Physical examination on admission revealed emacia- 
tion, cachexia and anemia, with a tender mass in the 
right upper part of the abdomen and a palpable liver. 

The patient was awaiting operation when his tem- 
perature suddenly rose to 101 F. and then to 105 F. 
He complained only of headache, first mild and then 
severe. The following daj- he fell out of bed. When 
picked up, he seemed confused and disoriented. Exami- 




Fig. 1. — Subdural suppuration, gross appearance. 


nation showed no signs of injury, although he groaned 
when his head was moved. Ten hours later he passed 
into shock, and pulmonary edema developed, the patient 
dying almost immediately. 

Necropsy failed to reveal any signs of cerebral 
trauma. The inner surface of the dura presented an 
adherent purulent membrane, measuring 10 by 6 by 
0.2 cm., over the left parietal region. The subdural 
space contained a marked excess of cloudy fluid, from 
which a type YIII pneumococcus wms recovered. There 
was a thick green subarachnoid exudate over the vertex 
and the cerebellum. The sphenoid sinuses and the 
middle ears were normal. The left ethmoid sinus con- 
tained a drop of cloudy fluid, from w'hich Bacillus coli 
was cultured. Autopsy revealed that there was no con- 
nection between this infection and the subdural exudate. 
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Tlie other autopsy observations were severe pan- 
creatitis, with pronounced fibrosis ^ and tendency to 
abscess foriTiation, and a. small carcinoma of the head 
of the pancreas, partially obstructing the common bile 
duct. 

I^Iicroscopic examination confirmed the gross observa- 
tion of subdural and leptomeningeal infection. ^ The 
pacchionian granulations were intensely involved in the 
inflammatory process, with extension into the subdural 
space (fig. '3 A and B). 

Case 2. — A white boy aged 3 years was admitted to 
the hospital seven weeks before his death. The hfstor 3 ' 
was noncontributory. The child was admitted moribuud 
and with great respirator^' difficulti’. Onlj' a hurried 
physical examination was possible. An emergenej’ 


Necropsy revealed a 2 cm. area of adhesions between 
the dura and the arachnoid over the right frontal region. 
Microscopic sections taken through this area showed a 
purulent exudate in both the subarachnoid and the sub- 
dural spaces. The arachnoid membrane was necrotic 
and partially destroyed. Diffuse purulent leptomeningitis 
with prominent hj'drocephalus was also present. The 
middle cars and the sinuses were free of infection. Of 
particular interest was the necrotizing involvement of 
the bridging vessels, particularly the veins, which in 
some cases had allowed their infected contents to escape 
through their damaged walls (figs. 2 and 4). 

In 3 other cases of otir series we observed 
subdural purulent inflammation together with 



Fig. 2 (case 2).— Subdural empyema following necrosis of the arachnoid with extension into the subdural 
space; X 100. 


tracheotomy was performed. For several days after 
the operation he had a high temperature. The fever 
could not be adequately explained, as the only physical 
signs during this interval were those of a mild infection 
of the upper respiratory tract. There were no signs 
of otitis media. On the seventh day he had obvious 
meningitis. Haemophilus influenzae was grown from 
the purulent spinal fluid. For the next six weeks he 
showed evidence of chronic purulent meningitis, with no 
decided change in his condition. Culture of repeated 
specimens of the spinal fluid yielded the same organism. 
At the end of six weeks he became worse suddenly, 
passing into coma and showing rigidity of the extremi- 
ties, especially on the left side. After this sudden 
change, the course was rapidly downhill, death occurring 
after seven weeks of illness. 


purulent leptomeningitis. A complicating fac- 
tor in each of these cases was the presence of 
a coexistent infection of the middle ear or the 
paranasal sinuses. In each case we were able 
to culture a pneumococcus from both the sub- 
arachnoid and the subdural spaces, and signifi- 
cantly, we could culture only a streptococcus, a 
staphylococcus or Bacillus pyocyaneus from the 
middle ear or the sinuses. Therefore we are 
certain that these cases represent an extension 
of antecedent leptomeningitis into the subdural 
space. However, because of the complicating 
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Fig. 

space. 



(case 1) — A, massne involvement of the arachnoid villus, with beginning extension into 
, massne invohement of the arachnoid villus, with beginning extension into the subdural 


the subdural 
space; X 100. 
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infection of the sinus or the middle ear, they 
fail to satisfy the introductory criteria for in- 
clusion in our group of cases. 

PERTII>ENT ANATOIUIC RELATIONS AND 
MECHANISMS OF EXTENSION 

The gross and microscopic anatomy of the 
meninges has been described by Weed = in some 
detail. However, a brief review of the pertinent 
histologic features, with especial reference to the 
mesothelial elements involved, will serve to 
clarify further discussion (fig. 5). 


covering the trabeculae and blood vessels which 
traverse the subarachnoid space. The outer 
layer of the arachnoid, which is applied to the 
inner layer of the dura, consists of a complete 
mesothelial sheet (C). It is the subarachnoid 
space which contains the cerebrospinal fluid. 
The third membrane, or dura mater, consists of 
several layers of connective tissue with an in- 
nermost, complete mesothelial membrane (D). 
The outer surface of the dura is attached to the 
bones of the skull and is firmly adherent to the 
suture lines. The subdural space is therefore 



Fig. 4 (case 2). — Extensive phlebitis in a bridging vein; X 440. 


The brain is covered by three membranes. 
The innermost layer, the vascular pia, is applied 
directly to the surface of the brain. The outer 
layer of the pia consists of a single, incomplete 
layer of mesothelial cells {A). The second 
membrane, the arachnoid, consists of connective 
tissue covered on the inner aspect by an incom- 
plete layer of mesothelial cells (B). This meso- 
thelium is continuous with similar mesothelium 

2. Weed, L. H. : An Anatomical Consideration 
of the Cerebrospinal Fluid, Anat. Rec. (supp.) 12:461, 


a potential space between two complete meso- 
thelial membranes investing the outer aspect of 
the arachnoid and the inner surface of the 
dura (£). 

The dural sinuses are venous channels lined by 
endothelium and formed by triangular separa- 
tions of the layers of the dura. Along the dural 
sinuses, particularly the superior sagittal sinus, 
there are numerous outpouchings of arachnoid 
and mesothelium, known as arachnoidal villi 
(F). These villi project into the lumen of the 
sinuses and. in addition to their component 
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arachnoid connective tissue and mesothelium, 
are covered by layers of dural mesothelium and 
sinus endothelium. Consequently, the potential 
subdural space can be considered as continuous 
over the arachnoid villi and is separated from 
the interior of the villus by only two layers of 
mesothelium, one of which is incomplete. 

The subarachnoid and subdural spaces are 
generally considered to have no points of com- 
munication. However, the arachnoid villi and 
the bridging veins act as potential paths of com- 
munication. Our low proportion (2 per cent) 
of cases of complicating subdural suppuration 
seems to indicate that the arachnoid membrane 



Fig. 5. — Diagrammatic representation of the layers of 
the meninges. A, outer layer of pia (incomplete layer 
of mesothelial cells) ; B, inner layer of arachnoid (in- 
complete layer of mesothelial cells) ; C, outer layer of 
arachnoid (complete layer of mesothelial cells) ; D, inner 
layer of dura (complete layer of mesothelial cells) ; E, 
subdural space, and F, arachnoid villus. 

is an effective barrier to the spread of infection, 
despite its tenuous nature. 

From a study of our autopsy material, we 
have derived several methods of possible spread 
from the subarachnoid space into the subdural 
space. 

The first, and most obvious, mechanism is that 
of direct extension through the arachnoid mem- 
brane (fig. 2). This may occur in cases of 
chronic leptomeningitis or of leptomeningitis 
caused by organisms with unusual cytolytic 
powers. In none of our cases was the infection 


due to the meningococcus, the most common 
cause of leptomeningitis. 

The second possible method of extension into 
the subdural space is through the medium of the 
arachnoid villi (fig. 3 A and B). * Bateman^ 
claimed that the villi are involved in every case 
of leptomeningitis. This is to be expected, since 
the villi are simply protruding extensions of the 
subarachnoid space. As the result of massive 
involvement of the arachnoid villi, necrosis of 
the boundary membranes may occur, permitting 
the escape of infected contents into the subdural 
space. With less severe involvement of the villi, 
the selective permeability of the membrane may 
simply be disturbed enough to permit the passage 
of bacteria, without actual destruction of the 
membrane barrier. Bateman showed that in- 
fection of the subdural space immediately ad- 
jacent to the arachnoid villus is not unusual. In 
our own experience, in most cases of purulent 
leptomeningitis the arachnoid villi show massive 
involvement, although gross extension into the 
subdural space has been seen only rarely. 

A third possible mechanism of extension is 
involvement of the bridging veins (fig. 5). These 
veins traverse both the subarachnoid and the 
subdural spaces and, because of their incomplete 
covering of mesotlielium, may readily be infected 
with purulent leptomeningitis. “ Once there are 
involvement of the vessel wall and a resultant 
septic thrombus, the infected contents may be 
transmitted into the subdural space through 
necrosis of the vessel wall. 

Another possible method of extension, which 
we have not seen, consists of thrombophlebitis of 
the bridging veins, resulting in secondary throm- 
bosis of the sinus with retrograde involvement 
of the subdural space over the pacchionian granu- 
lations. 

The fifth possible mechanism of extension is 
the inoculation of both the arachnoid and the 
dura by a blood-borne infection, with simulta- 
neous involvement of both membranes. We 
have never seen this occur and mention it only 
for completeness. 

We have purposely omitted from consideration 
the obvious artificial contamination of the sub- 
dural space resulting from spinal or cisternal 
puncture. In our first case no subarachnoid 
drainage whatever was performed. In the 
second case there was subdural infection over 
the dorsum of the brain, with no infection in 
the region of the puncture. The latter condi- 
tion eliminated the possibility of artificial con- 
tamination. 

3. Courville, C. B. : Subdural Empyema Secondary 
to Purulent Frontal Sinusitis, Arch. Otolaryng. 39: 
211-230 (March) 1944. 



SPITZ ET AL.—SUBDURAL SUPPURATION 


149 


CLINICAL APPLICATION 

The occurrence of subdural infection is clin- 
ically important both as a serious immediate 
complication of leptomeningitis and as a possible 
cause of postmeningitic epilepsy at some future 
date. It is well known that epilepsy is not an 
uncommon sequel to meningitis following otitis 
media, particularly when the meningitis is caused 
by a pneumococcus, a streptococcus or a staphylo- 
coccus. However, epilepsy is a most unusual 
complication of the ordinary meningococcic 
meningitis. This may be due to the fact that 
subdural empyema is a not infrequent complica- 
tion of meningitis caused by a gram-positive coc- 
cus, but rarely follows meningococcic meningitis. 
Ney showed conclusively that the presence of 
scar tissue between the dura, the arachnoid and 
the brain tissue produces traction on the brain, 
as a result of the dura’s inelasticity and rather 
firm fixation to the skull. He stated the theory 
that the area of cortex on which traction is 
exerted gradually becomes increasingly irritable, 
eventually constituting an epileptogenous zone. 
These adhesions can be demonstrated by roent- 
genographic technics developed by Ney. Con- 
firmatory proof of the causal relation of these 
adhesions to the occurrence of epilepsy has been 
obtained at operation by tugging on the adhe- 
sion and initiating an epileptiform seizure. In 
contrast to the occasional dramatic symptoms 
produced by adhesions between the dura, the 
arachnoid and the cortex, the adhesions between 
. the arachnoid and the brain substance alone are 
of little apparent significance. Such adhesions 
are frequently a purely incidental observation 

4. Ney, K. W. : Pathologic Factors in the Produc- 
tion of Traumatic Epilepsy, J. M. Soc. New Jersey 40: 
270-275, 1943. 


at autopsy in cases with no history of con- 
vulsions. 

In view of its serious consequences, therefore, 
it is important to bear in mind the possible 
occurrence of subdural empyema, particularly 
in chronic purulent leptomeningitis or in the 
leptomeningitides caused by the gram-positive 
cocci or by H. influenzae. Diagnosis must 
be made early. Courville^ discussed the symp- 
toms in some detail. Conspicuous features of 
subdural extension are severe persistent head- 
ache and general signs of sepsis out of propor- 
tion to the localizing signs. No program of 
treatment has yet been applied; however, it is 
suggested that penicillin with surgical drainage 
may prove of value. The existence of this lesion 
has an important bearing on the prognosis of 
leptomeningitis, both because it acts as a seeding 
focus for sepsis and because it may produce 
pressure atrophy of the cortex. Its possible 
occurrence should be kept in mind. 

CONCLUSIONS 

1. Subdural suppuration appears as a rare 
complication of purulent leptomeningitis, al- 
though a higher incidence will undoubtedly be 
revealed as a result of more complete autopsy 
studies. 

2. Several possible mechanisms of the spread 
of infection from the subarachnoid to the sub- 
dural space exist. 

3. This condition has significance both as an 
immediate serious complication and as a possible 
cause of postmeningitic epilepsy. 

4. It is noteworthy that this complication did 
not occur with meningococcic infection, the most 
common cause of leptomeningitis. 



HYPERTHERMIA FOLLOWING INJURY OF THE 
PREOPTIC REGION 

REPORT OF A CASE 
MAJOR LINDSAY E. BEATON 

AND 
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Acute cerebrogenic hyperthermia has long 
been recognized as an entit}' of neurosurgical 
importance (Cushing,^ Gagel,® Dott,^ Erickson,^ 
Davison ® and Zimmerman ®) . Clinical accounts 
have indicated that this type of high, and often 
fatal, fever is caused by injury of the hypo- 
thalamus or of nearby parts of the brain, a 
general conclusion in accord with the results of 
recent animal experimentation. However, in 
most instances of neurogenic hyperthermia in 
man the cerebral damage has been diffuse, and 
localization of tbe responsible region has not 
been as precise as that achieved by special tech- 
nics in animals. The most discrete lesions de- 
scribed in the literature are those presented 
by Alpers.’' 

The following case is thought worthy of record 
because the injury of the brain that was believed 
to have destroyed central mechanisms for heat 
loss and thus have resulted in the extreme eleva- 
tion of body temperature was more circum- 
scribed than the lesion noted in any other report 
with which we are acquainted. 

1. Cushing, ri. ; Papers Relating to the Pituitary 
Body, Hypothalamus and Parasympathetic Nervous 
System, Springfield, 111., Charles C Thomas, Publisher, 
1932. 

2. Gagel, O. : Symptomatologie der Erkrankungen 
des Hypothalamus, in Bumke, O., and Foerster, O. : 
Handbuch der Neurologic, Berlin, Julius Springer, 
1936, vol. 5, pp. 482-522. 

3. Dott, N. M.; Surgical Aspects of the Hypo- 
thalamus, in Clark, W. E. L. ; Beattie, J. ; Riddoch, G., 
and Dott, N. M. : The Hypothalamus, London, OUvei 
& Boyd, Ltd., 1938, pp. 131-185. 

4. Erickson, T. C. : Neurogenic Hyperthermia (A 
Clinical Syndrome and Its Treatment), Brain 62:172- 
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5. Davison, C. : Disturbances of Temperature Regu- 
lation in Man, A. Research Nerv. & Ment. Dis., Proc 
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6. Zimmerman, H. JiL: Temperature Disturbances 
and tbe Hypothalamus, A. Research Nerv. & Ment 
Dis., Proc. (1939) 20:824-840, 1940. 

7. Alpers, B. J. : Hyperthermia Due to Lesions in 
the Hypothalamus, Arch. Neurol. & Psychiat. 35:30-4^ 
(Jan.) 1936. 


REPORT OF CASE 

History . — A white infantry soldier, appearing to be 
in his early thirties, was brought to an evacuation 
hospital in a forward zone on March 17, 1944, at 9:50 
a. m. He had been struck by a mortar shell fragment, 
which had inflicted a lacerated gutter wound of the 
right temple. Because of severe combat conditions no 
associates could be reached for a detailed account of 
the way in which the injury was incurred. From the 
ambulance driver it could only be learned that the 
patient had been hit thirty to sixty minutes prior to 
the time of admission, that he had become immediately 
unconscious and that he had been given Yz grain 
(0.032 Gm.) of morphine sulfate hypodermically. 

He had been taken to the shock ward and had 
received 1 unit of plasma before he was examined. 

Examination . — The patient was in coma and did not 
react to painful stimulation. He was well nourished 
and well developed, and physical examination revealed 
AO abnormalities except the wound in the head. The oral 
temperature was 98.6 F., the pulse rate 80 and the 
respiratory rate 16 per minute, and the blood pressure 
was 120 sj'stolic and 60 diastolic. A 4 inch (10 cm.) 
gash extended horizontally across the right temple. 
Torn muscle was exposed. Neurologic examination 
demonstrated active and bilaterally equal deep reflexes 
and brisk superficial reflexes. The Babinski toe sign 
was elicited in each foot. There was no papilledema. 
The phpils were fixed at 2.5 mm. An emergency 
roentgenogram of the skull disclosed no evident 
fracture. 

Course of Illness . — ^\Vith the use of local infiltration 
with procaine, the scalp and temporal muscle were 
debrided, and the wound was closed. At noon, when 
the patient was next visited, his oral temperature had 
risen to 100 F. He had become completely vegetative, 
and no reflex responses could be obtained. The pulse 
rate was 100 and the respiratory. rate 6 to 8 per minute, 
with periods of apnea. The pupils were still fixed at 
2.5 mm. By 3 p. m. the breathing was further slowed 
and more irregular, and the oral temperature had 
reached 106.4 F. The pupils were unchanged. An 
unsuccessful attempt had been made to reduce the fever 
by sponging with cold water. 

After a review of the history to this point, a diag- 
nosis of cerebral laceration with subdural hematoma 
was made. As soon as an operating table was free, 
he was taken to the surgical tent. At 6 p. m. an 
osteoplastic craniotomy was done in the right temporal 
region. An extensive epidural hemorrhage was en- 
countered, and incision of the dura mater revealed a 
fresh, massive temporoparietal subdural hematoma. 
When the latter was removed by suction, the under- 
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lying cortex was seen to be covered with widespread 
subpial hemorrhage. As an attempt was being made 
to control the bleeding from the middle nieningeal 
arter}’-, the patient suddenly stopped breathing and 
shortly died, in spite of artificial respiration. A few 
moments before death respiration had seemed more 
regular. The terminal rectal temperature was 108,2 F. 

Necropsy. — Postmortem examination, which was 
made at once, revealed no pathologic changes except 
those of the skull and its contents. Two roughly ver- 
tical, linear breaks of the right temporal squama, 
crossing the squamosal suture into the inferior portion 
of the parietal bone, were discovered. (On reexamina- 
tion of the roentgenograms one of these fractures 
could be made out.) The more anterior of the frac- 
tures connected with a fracture line which ran over 
the petrosal part of the temporal bone, traversing the 
arcuate eminence and ending over the internal acoustic 
meatus. The middle meningeal artery was torn in a 
wing of this crack, which ran toward the foramen 
spinosum. ^ 

Inspection of the brain showed extensive contusion 
and slight laceration on both sides of the right lateral 
cerebral fissure and an area, oval and 2 inches long, 
of more severe cortical laceration of the right middle 
temporal gyrus. After removal of the hemispheres it 
was seen that the dura mater lining the right middle 
cranial fossa was finelj'’ streaked with blood, as though 
the dura mater itself was bruised. This was most 
pronounced anteriorly, on the cerebral face of the 
greater wing of the sphenoid bone. 

The brain was sectioned immediately, since no facili- 
ties for" preservation were available. No ventricular 
hemorrhage was present. There was no damage to 
the brain stem except for slight softening of the cen- 
tral gray matter of the mesencephalon at the level of 
the inferior colliculus. In the left hemisphere a long, 
stablike hemorrhage ran through the caudate nucleus 
and into the upper part of the internal capsule, from 
a frontal level of the anterior commissure to a frontal 
level of the middle of the thalamus. There was no 
other injury of the basal ganglia. 

The only other lesion, and the one which seemed 
most significant, was a localized softening of the pre- 
optic region, on both sides of the optic recess of the 
tliird ventricle, between the optic chiasm and the ante- 
rior commissure. This area did not widen as far 
laterally as the globus pallidus at any point. Posteri- 
orly it was sharply delimited and did not involve the 
tuberal portion of the hypothalamus. Anteriorly it 
extended to the limit of the preoptic substance. 

COMMENT 

This case b)’’ no means presents final evidence 
that the division of the brain principally damaged, 
the preoptic area, is the center containing neural 
mechanisms for control of heat loss in man, 
destruction of which results in neurogenic hyper- 
thermia. First, unfortunately, the patient was 
seen in a battle situation which precluded ade- 
quate investigation of the brain. It is possible 
that microscopic study of prepared material 
would have disclosed other pathologic changes. 
Second, the patient was wounded and treated 
in a tropical theater of war, and high environ- 


mental temperature may have played a role in 
the development of his fever. However, the 
temperature on the day of his hospitalization 
was in the middle eighties, apd we do not be- 
lieve it was a factor. No case of hyperthermia 
was noted among many other men with severe 
head injuries who were cared for under the same 
climatic conditions. Third, epidural and subdural 
hemorrhage produced general encephalic com- 
pression, and other areas of cerebral damage of 
the midbrain, the caudate nucleus, the internal 
capsule and the temporal and frontal cortex, 
existed. Yet none of these regions, or any com- 
bination of them, has to our knowledge, ever been 
implicated as an anatomic factor in the produc- 
tion of cerebrogenic fever. 

Perhaps an attempt should have l)een made 
to reduce the fever with pentobarbital sodium, 
as suggesaed b}’’ Beaton, Leininger, McKinley, 
Magoun and Ranson,® or with other drugs 
(Erickson'^). The extreme embarrassment of 
respiration was the factor which decided us 
against pharmacologic intervention. If operation 
had been successful and respiration had im- 
proved, administration of pentobai'bital sodium 
would have been tried. 

The particular interest of this case lies in the 
localization of the lesion presumably accounting 
for the elevated temperature to a small part of 
the brain, tlie preoptic region. In the monkey, 
local heating of this area with high frequency 
currents results in the activation of mechanisms 
for heat loss (Beaton, McKinley, Berry and Ran- 
son'’), while circumscribed destruction of the 
area causes central paralysis of these processes 
and consequent fatal hyperthermia (Beaton, 
Leininger, McKinley, Magoun and Ranson®). 
In spite of the limitations on pathologic study 
imposed by the conditions under which the case 
was observed, the results seem to lend credence 
to the supposition that in man, also, the site of 
central mechanisms for heat loss is the preoptic 
region. 

summary 

A case of injury of the preoptic region with 
subsequent development of neurogenic hyper- 
thermia presents evidence that this area contains 
the specific neural mechanisms for heat loss in 
man. 


8. Beaton, L. E. ; Leininger, C.; McKinley, W. A.; 

JMagoun, H. "W., and Kanson, S. "W. ; Neurogenic 
Hyperthermia and Its Treatment with Soluble Pento- 
barbital m the Monkey, Arch. Neurol. & Psychiat 
49:518-536 (April) 1943. ^ycniat. 

9. Beaton, L. E.; McKinle 3 ', W. A.; Berry, C. M. 
and_ Ranson, S. W. : Localization of Cerebral Center 
Activating^ Heat-Loss Mechanisms in Monkeys J 
Neurophysiol. 4:478-485, 1941. 



Minor Notes 


DETECTION OF LATENT EXTENSOR 
PLANTAR REFLEX 

Alfred Gordon, M.D., Philadelphia 

Margolis and Graves ^ have described a method to 
facilitate the detection of the latent Babinski sign. In- 
jection of a strong dose of scopolamine hydrobromide 
produces the desired reflex when there is doubt as to 
the organic nature of the condition in a given case. 
The authors’ investigations cover a sufficiently large 
number of patients to justify them in the assumption 
that in “none of the aforementioned patients did a latent 
Babinski sign appear in the absence of damage to the 
pyramidal tract.’’ They cite a number of authors who 
used this test to bring out a latent pyramidal sign, al- 
though the majority experimented only in cases of 
parkinsonism. The latter disease is, of course, essen- 
tially a pathologic condition of the extrapyramidal sys- 
tem. Nearly all authors have claimed that the pyramidal 
involvement is only a subsequent complication and that 
when the plantar reflex is evoked in extension with 
scopolamine there must be involvement of the pyramidal 
system. . 

Special attention is called to Link’s work on induction 
of narcosis in mentally deranged patients, to whom sco- 
polamine was invariably given with morphine. The 
question arises which of the two drugs was responsible 
for evoking an extensor plantar reflex or perhaps 
whether both could be incriminated. Volkmann observed 
the extensor plantar reflex in patients anesthetized with 
scopolamine and morphine for surgical operations. 
Zador obtained the reflex response not only in patients 
with postencephalitic parkinsonism but in normal per- 
sons who were given scopolamine in doses over 1 mg. 

1. Margolis, L. H., and Graves, R. W. ; Detection 
of the Latent Babinski Sign with Scopolamine, Arch. 
Neurol. & Psychiat. 52:409 (Nov.) 1944. 


At this juncture I refer the reader to a previous com- 
munication.- Briefly, a middle-aged man with a normal 
nervous system received from a pharmacist a potion 
containing morphine for relief from an attack of his 
usual rheumatism. The amount of morphine sulfate was 
a little over 1 grain (0.065 Gm.). Half an hour later he 
became comatose. When he regained consciousness, 
he noticed he could not walk easily. On examination 
at the Jefferson Hospital, I observed a typical picture 
of spastic paraplegia, with a notably increased patellar 
reflex, ankle clonus and extensor plantar reflex. Seven- 
teen hours later all the symptoms of lateral sclerosis 
disappeared. It is evident that degeneration of the 
motor tract is not necessary to produce the aforemen- 
tioned symptoms. One is forced to infer that irritation 
or functional disturbance from any cause is sufficient to 
evoke pathologic phenomena referable to the motor 
tract. 

In the case just described toxicity (morphine poison- 
ing) probably produced the irritation of the pyramidal 
tract in the spinal cord. In cases of epileptic coma (not 
of jacksonian type) I have frequently observed an ex- 
tensor plantar reflex, which disappeared on recovery 
from the coma. In cases of chronic alcoholism the 
presence of an extensor plantar reflex is probably due 
at first to the toxic effect of alcohol on the motor cor- 
tex and later, by reason of chronicity, to secondary or- 
ganic changes. 

There is no doubt that the scopolamine test is a 
valuable aid in detection of organic changes in the 
pyramidal tract in doubtful cases, but an extensor 
plantar reflex may be elicited also in persons with a 
normal nervous system when it is exposed to irritating 
toxic elements. 

2. Gordon, A. : Spinal Symptoms Caused by Acute 
Morphine Poisoning, Philadelphia M. J. 11:497 (March 
21) 1903. 
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Abstracts from Current Literature 

Edited by Dr. Bernard J. Alpers 


Physiology and Biochemistry 


Utilization of Oxygen by the Brain in Traumatic 
Shock. A. Blalock, Arch. Surg. 49:167 (Sept.) 
1944. 


In anesthetized dogs shock was produced by hemor- 
rhage, trauma, burns and tourniquets, and the oxygen 
contents of the blood obtained from the femoral artery, 
the right auricle and the cerebral venous sinuses were 
determined. In the state of shock there was usually 
an increase in the difference between the oxygen content 
of arterial and that of cerebral venous blood even before 
the blood pressure began to drop. Under conditions of 
decreasing blood flow the brain, unlike the kidneys, 
appears to maintain its oxygen consumption, at least 
partially, by extracting increased amounts of oxygen 


from the arterial blood. 


List, Ann Arbor, Mich. 


Non-Protein Nitrogen and Protein Concentrations 

OF Serum and Cerebrospinal Fluid in Shock. 

George W. Duncan, J. Logan Irvin and Stanley J. 

Sarnoff, Bull. Johns Hopkins Hosp. 75:135 (Aug.) 

1944. 

Duncan, Irvin and Sarnoff report observations on the 
nonprotein nitrogen and protein concentrations of the 
serum and the cerebrospinal fluid in dogs subjected to 
experimental shock produced by a crushing injury to a 
limb. These observations were compared statistically 
with data obtained from a control group of dogs. 

The authors observed that the mean concentrations 
of both nonprotein nitrogen and protein in the serum 
and the cerebrospinal fluid were significantly greater 
for the animals s^ubjected to trauma. The mean ratios 
of the concentrations of nonprotein nitrogen in the 
serum to the corresponding concentration in the spinal 
fluid were 1.58 for the controls and 2.02 for the animals 
in shock. The mean ratios of the concentration of 
Drotein in the serum to the corresponding concentration 
in the cerebrospinal fluid were essentially the same for 
the two groups. These experiments indicate that if 
alteration in the barrier relation between plasma and 
cerebrospinal fluid does occur in shock produced by 
this method, it is not sufficient to permit extensive 
passage of plasma protein into the spinal fluid. 

Guttman, Philadelphia. 

Interaction of Neighboring Fibers in Myelinated 
Nerve. Amadeo S. Marrazzi and Rafael Lorente 
DE No, J. Neurophysiol. 7:83 (March) 1944. 

Marrazzi and Lorente de No studied the sciatic nerve 
of the bullfrog to determine the changes in excitability 
of the fibers of the medial peroneal nerve after the 
administration of a two-thirds maximal shock to the 
lateral peroneal nerve. The results of the experiments 
were expressed in the form of interaction curves, the 
interaction being due to the flow of action currents of 
the active fibers through the membrane of the inactive 
fibers. The interaction current could be differentiated 
into two parts : an immediate and a residual interaction 
current, the latter outlasting the flow of the action 
currents. The residual interaction current had an elec- 
tric sign consisting of a change in membrane potential. 


The shape of the interaction curve depends on the 
geometric conditions determining the low of the action 
current through the inactive fibers and on the tem- 
poral course of the stimulating fibers. 

Forster, Philadelphia. 


The Electrical Activity of Regenerating Nerves in 
THE Cat. Charles M. Berry, Harry Grundfest 
and Joseph C. Hinsey, J. Neurophysiol. 7:103 
(March) 1944. 


Berry, Grundfest and Hinsey under sterile conditions 
divided and then sutured the sciatic nerves, or the tibial 
and peroneal branches, of 58 cats. Evidence of return 
of motor and" sensory functions was observed. At 
periods varying up to four hundred and sixty-six days 
acute experiments were performed and the effects of 
stimulation in situ determined. After this the nerves 
were excised, and the electrical response to stimulation 
and tlie histologic state of the nerves were determined. 

The authors observed the presence of small, slowly 
conducted action potentials as early as seventeen days 
after operation. As the postoperative time became 
longer the potentials increased in size, velocity and 
complexity. The threshold for stimulation of regenerat- 
ing fibers was high peripherally and low centrally with 
reference to the suture. In the course of time the 
peripheral threshold decreased. As the impulse passed 
the suture an abrupt drop in velocity occurred. In the 
fibers distal to the suture the return of conduction vel- 
ocities was slow, and the increase in velocity was at a 
constantly decreasing rate. The return of maximum 
fiber diameter took a similar course. The relation of 
maximum fiber diameter to maximum conduction vel- 
ocity was linear. Forster, Philadelphia. 


Relation of Threshold for Experimental Convul- 
sions TO Body Weight. Federico Sal y Rosas, 
Rev. 'neurol. de Buenos Aires 8:302 (July-Sept.) 
1943. 

The relation of the minimum amount of metrazol 
necessary to cause a convulsion to body weight was 
studied in 204 subjects, 107 of whom were epileptic. On 
the whole, the convulsive threshold varied directly with 
the weight of the patient. The author emphasizes the 
significance of other factors, such as a history of epi- 
lepsy, a tendency to hysterical convulsions and the use 
of sedatives. The mean minimal dose for all patients 
who had been without phenobarbital for a long time was 
5.5 _mg. per kilogram of body weight, 4 mg. for epileptic 
patients and 6.3 mg. for nonepileptic patients. The 
minimal dose per kilogram of body weight is less for 
patients with conversion hysteria with a history of con- 
vulsive movements than for hysterical patients without 

such a history. , 

Savitsky, New York. 


' Neuropathology 

Cysticercus Cellulosae of the Brain. Meta A. 
Neuman, J. Neuropath. & Exper. Neurol. 2:197 
(April) 1943. 

The case reported is that of an American aged 35, 
returned from the Orient, who had been hospitalized 
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in the United States for eight years and was suspected 
of having dementia paraljdica. He had had the first 
convulsion nine years before death. In spite of inten- 
sive antisyphilitic therapy, he grew worse, and his con- 
vulsions became more frequent and severe. Neurologic 
examination suggested diffuse, chronic encephalomenin- 
gomyelitis. He finallj’^ died, with a a temperature of 
108 F. Autopsy revealed numerous cysticerci scat- 
tered throughout the brain. As well as could be 
determined, the patient had never harbored an intes- 
tinal parasite. 

Cerebral cysticercosis should be considered in the 
cases of adults who have lived in foreign countries 
and who have their initial convulsions relatively late 

Campbell, New York, 

Xeurohistologic Findings in Experimental Elec- 
tric Shock Treatment. N. W. Winkelman and 
i\lATTHEw T. Moore, J. Neuropath. & Exper. 
Neurol. 3:199 (Julj') 1944. 

Winkelman and Moore report their observations in 
a study of 12 cats. One group, of 8 animals, was 
treated with the**faradic shock modality used by Berk- 
witz, while the other group, of 4 animals, was treated 
with the modality advocated by Cerletti and Bini, using 
the Off tier machine. Treatments were given three 
times a 'week. Most of the animals received a series 
of from ten to twenty shock treatments before they 
were killed. The nutrition of the animals was care- 
fully controlled. The cats were killed by being bled 
while under ether anesthesia three days to ten weeks 
after the last treatment. The brain and cord of all 
the animals were removed immediately, fixed in a 4 
per cent concentration of solution of formaldehyde U. 
S. P. for twenty-four hours and then cut and placed 
in alcohol. Sections were embedded in paraffin and 
pyroxylin, and frozen sections were made. The sec- 
tions were stained with hematoxylin and eosin, toluidine 
blue, Weil’s stain for m 3 Hin sheaths, Bodian’s stain 
and scarlet red, while the Cajal and Hortega technics 
were employed for the various types of glia. 

Histologic studies of the brain and cord of all the 
animals were made, many by serial sections. No mor- 
phologic changes were observed in animals receiving 
convulsive doses of electric current analogous to those 
given to patients. Two animals received excessive 
doses of electric shock. The brain of 1 of these cats 
showed a small area of pericapillary hemorrhage, while 
in the other some of the smaller blood vessels were 
congested. No instance of subarachnoid hemorrhage 
or diffuse or extensive intracerebral hemorrhages was 
noted. 

Winkelman and Moore believe that when hemor- 
rhages occur in the brain of an animal after electric 
shock convulsion one or more of the following factors 
were operative: (1) The intensity of the current was 
excessive as compared with the corresponding dose used 
with human subjects; (2) deprivation of vitamin B 
and C, and probably vitamin K, occurred during the 
course of treatment, and, finally, (3) craniocerebral 
injur 3 L due to inadequate restraint and protection, was 
incurred during the convulsion. 

Guttman, Philadelphia. 

The Pathological Ciiar.acteristics of Embolic or 
Metastatic Enceph.alitis. Bernard J. Alpers 
and Herbert S. Gaskill, J. Neuropath. & Exper. 
Neurol. 3:210 (July) 1944. 

Alpers and Gaskill report their obsen-ations in 17 
cases of embolic encephalitis. Attention was focused 


on changes in the brain and the source of the embolic 
foci. The material was obtained from cases repre- 
senting the following sources of the emboli : subacute 
bacterial endocarditis, 5 cases; acute vegetative endo- 
carditis, 5 cases; bronchiectasis, 3 cases; pulmonary 
abscess, 1 case; gangrene of the foot, 1 case; retro- 
esophageal abscess, 1 case, and osteom3"elitis of the 
hip, 1 case. Sections were taken from all parts of 
the cerebral hemispheres, the brain stem and the cere- 
bellum and were embedded in paraffin and pyroxylin. 
In man 3 ’- instances studies by serial section were made 
in order to study the origin and development of the 
encephalitic foci. Hematoxylin and eosin, toluidine blue, 
Weil’s stain for m 3 'elin sheaths, Cajal’s gold chloride stain 
for astrocytes, scarlet red for fat and, in some instances, 
Bodian’s stain for axis-cylinders were employed. 

The authors state that the commonest cause of 
metastatic encephalitis is bacterial endocarditis, particu- 
larly of the subacute variety. Acute endocarditis, pul- 
monary disease and infections of other organs may give 
rise to this type of encephalitis. The clinical manifes- 
tations indicating involvement of the brain, particularly 
in cases of endocarditis, may usher in the disease; they 
may be terminal or may occur at an 3 ' time during the 
course of the illness. 

The number of areas of encephalitis var 3 '’ from a 
few to man 3 L The 3 ' occur in the cerebral hemispheres, 
the brain stem and the basal ganglia. Microscopic 
study reveals proliferative endarteritis, which tends to 
be generalized; areas of perivascular infiltration with 
leukocytes ; minute leukocytic nodules, which are essen- 
tially miliar 3 ’' abscesses, and, in some instances, areas 
of petechial and perivascular hemorrhage. Subarach- 
noid, cerebral or ventricular hemorrhage ma 3 '' be seen, 
as well as meningitis. 

Alpers and Gaskill conclude that metastatic enceph- 
alitis is probably due to blood-borne bacteria, which 
are probably disseminated by the system of paraverte- 
bral veins described by Batson. ' 

Guttman, Philadelphia. 

Alterations in Brain Structure After Asphyxia- 
tion AT Birth ; An Experiaiental Study in the 
Guinea Pig. W. F. Windle, R. F. Becker and 
Arthur Weil, J. Neuropath. & Exper. Neurol. 3: 
224 (July) 1944. 

Windle, Becker and Weil report observations on the 
effect of asph 3 fxia in guinea pigs. Proof that asph 3 ’xia 
leads to neurologic defects may never be found in the 
human newborn infant because adequate^' controlled 
conditions — -multiple births — are uncommon. These ani- 
mal experiments supplement clinical observations. 

The experimental procedure in most instances was 
as follows : Pregnant guinea pigs at, or close to, term 
were operated on after the abdomen was anesthetized 
with a 1 per cent solution of procaine hydrochloride. 

■ One fetus of each litter was delivered without delay to 
serve as the control for the fetuses to be asphyxiated. 
The uterine blood vessels or the umbilical cord was 
then occluded with clamps to induce a state of h 3 'poxia 
in the remaining fetuses. Violent movements, includ- 
ing respiratory activities in utcro, were e.xecuted during 
the first stage of asphyxia. When their respiratory 
efforts ceased, the fetuses were delivered. The average 
duration of asphyxiation was a little over thirteen min- 
utes (range, four and a half to twenty-one minutes). 
The average time required for resuscitation (with oxy- 
gen containing 10 per cent carbon dioxide) was twenty- 
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nine minutes (range, a few seconds to well over an 
hour) for the 66 animals selected for study. Some 
litters contained three or more animals, and two or 
more fetuses were asphyxiated ; 50 controls were pro- 
vided. Sixty-six of the newborn guinea pigs were 
resuscitated and lived thirty minutes to thirteen weeks. 
The brains of all the animals were preserved and sec- 
tioned serially. Observations were made on sections 
stained by various technics. 

Multiple capillary hemorrbages. and occasionally 
larger hemorrbages, were noted in all animals which 
survived asphyxiation for three hours to_ five days. 
These lesions were observed in half the animals which 
survived from thirty minutes to two hours, while no 
lesions were observed in tbe animals whicb did not 
survive tbe period of asphyxia. There was a notable 
variation in tbe amount and distribution of tbe hcmoi- 
rbagcs. However, bemorrhage was not considered tbe 
cause of e.xtensive damage to tbe neurons. 

Edema was present in the brains of all but 1 of the 
animals which survived eight hours to four days after 
resuscitation. After five days the edema subsided. 

Cytologic changes were observed in all the brains 
of animals killed from one and one-half hours to 
twenty-one days after resuscitation. The usual se- 
quence of events was clouding of the Nissl granule 
pattern, beginning one to two hours after resuscitation; 
swelling of some neurons and shrinkage of others in 
three hours; loss of stainability with thionin, appearing 
in about five hours; typical chromatolysis, in one or 
two days, complete lysis of neurons as early as four 
days after resuscitation and hyperchromatic staining in 
at least three weeks. Some specimens presented gen- 
eralized changes throughout most of the brain, while 
others showed only focal abnormalities. The cerebel- 
lum and the corpus striatum were not notably affected, 
while the thalamus, cerebral cortex, tegmentum and 
spinal cord were often severely damaged. 

Asphyxia induced a transient microglial reaction be- 
tween two days and three weeks after resuscitation. 
Thereafter the glia assumed normal proportions. 

Generalized or focal atrophj' followed the loss of 
neurons in about two thirds of the severely asphyxiated 
animals and in one half of the mildly asphyxiated 
guinea pigs. As late as thirteen weeks after resuscita- 
tion neurons in the damaged brains stained darker and 
were more shrunken than the neurons in the brains of 
litter mate controls. Areas of partial necrosis occurred 
in 8 animals. Loss of myelin appeared to be secondary 
to loss of cells. 


The authors conclude that experimental asphyxiation 

followed by successful resuscitation in guinea pigs at 

birth produced pathologic changes of variable degrees 

of severity in all specimens of the brain studied between 

one and one-half hours and three weeks after birth 

and detectable permanent anatomic changes in more 

than one-half the animals allowed to live more than 

three weeks. -m m , . , • 

Guttman, Philadelphia. 


A Case of Atypical Lixdau’s Disease. W. R. 
Brain, J. G. Greenfield and D. W. C. Northfield, 
J. Neurol. & Psychiat.' 6:32 (Jan.-April) 1943 

Brain and his associates report an unusual case of 
Lindau’s disease without the presence of cerebellar 
tumor. The findings were a hemangioblastoma in one 
retina and two similar lesions in the other, a heman- 
gioblastoma of the spinal cord associated with extensive 


S3'^ringomyelia and cysts of the pancreas and kidneys. 
There was evidence of hereditary transmission of the 
disease. According to most statistics, hemangioblastoma 
is more common as a primary tumor in the cerebellum 
than in the spinal cord, the cauda equina or the cere- 
bral hemispheres. The syringomyelia was interpreted 
as a separate developmental anomaly. 

Malajiud, Ann Arbor, Mich. 


Psychiatry and Psychopathology 

PsYCriONEUROLOGCAL PROBLEMS RELATED TO THE SUR- 
GICAL Transsection of the Prefrontal Associa- 
tion Areas in jMan. George W. Kisker, J. Nerv. 

& Mcnt. Dis. 99:343 (April) 1944. 

The operation of prefrontal lobotomy or leukotomy 
provides a unique opportunity to ’study the behavioral 
changes in a large number of subjects after tbe pro- 
duction of a relatively exact lesion. Twenty patients 
on whom the operation had been carried out were 
studied by the author from the viewpoint of the rela- 
tions existing between tbe prefrontal association areas 
and the diencephalon and the autonomic representation 
in the cortex. 

On the basis of -retrograde degeneration after cortical 
ablations, Walker concluded that the thalamus can con- 
veniently be divided into three nuclear groups: The 
first group has exclusively subcortical connections; the 
second receives fibers from the ascending sensory tracts 
and sends efferent fibers to the cortical projection areas, 
and the third receives no ascending fibers but makes 
numerous connections with the thalamic nuclei of the 
second group and projects to the cortical associative 
areas. The thalamus is viewed as a subcortical center 
where incoming impulses are integrated to some degree. 

There is considerable evidence for autonomic repre- 
sentation in the frontal cortex, the cortical influence 
being primarily inhibitory. Thus, section of the frontal 
lobes should decrease autonomic inhibition; the validity 
of this assumption was borne out by the behavioral 
changes in the patients, who displayed increased hunger, 
sphincter disturbances, dysfunction of the temperature 
control mechanism, nausea and vomiting, decreased 
anxiety and tension and somnolence. The last symp- 
tom is especially interesting in view of the great iveight 
of evidence in favor of a center for waking and sleep- 
ing in the hypothalamus and the demonstrated neural 
pathways connecting the frontal poles and the hypo- 
thalamic complex. 

The therapeutic effect of the operation may be due 
to interruption of the corticothalamic tracts and the 
consequent modification of affectointellectual relations. 
It is well established that there are direct tracts con- 
necting the prefrontal lobe with the medial thalamic 
nuclei. These fibers make up tbe anterior thalamic 
radiation and bear the brunt of the damage in lobotomy. 
However, the cerebropontile connections from the 
frontal lobes to the nuclei of the pons are also prob- 
abl}^ affected, and there are tracts indirectlj'- connecting 
the frontal lobes and the cerebellum. It is thus pos- 
sible to visualize an intellectual-affective-motor chain 
which includes the prefrontal association areas, the 
medial thalamic nuclei, the cerebellum, tbe pons and 
tracts returning once again to the frontal lobes. The dis- 
ruption of this chain by lobotomy leads to interference 
with affective patternization ' and to a concomitant 
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restructuralization of the motorium, which accounts for 
the therapeutic effects of the procedure. 

Chodoff, Langley Field, V3- 

Biochemical Component of the Manic Depressive 
Psychosis. Perry C. Baird, J. Nerv. & Ment. 
Dis. 99:359 (April) 1944. 

The manic phase of manic-depressive psychoses has 
been considered to have some relation to overfunction 
of the adrenal gland. To investigate this concept, 
Baird injected whole blood from manic patients into 
adrenalectomized cats and compared these animals with 
respect to behavior and duration of life with a group 
of control adrenalectomized animals which received 
whole blood from normal subjects. The average dura- 
tion of life following adrenalectomy in the cats receiv- 
ing blood from the -manic patients was eleven and a 
■hali days ior 4 cats and ten and one-tViird days iov I 
cats. In contrast, the 7 control cats receiving normal 
blood lived an average of four days. It was observed 
that 2 of the adrenalectomized cats receiving blood 
from manic patients displayed unusual strength and 
endurance, and 1 of them exhibited dramatic rage reac- 
tions despite the absence of adrenal glands. Two 
adrenalectomized rats receiving blood from manic pa- 
tients lived eight times as long as 3 adrenalectomized 
rats receiving whole blood from normal persons. In 
one experiment a transfusion of 500 cc. of citrated 
whole blood from a manic patient had no effect on a 
patient in a deep depression. 

The author suggests that the manic psychosis may 
be due to overstimulation of the entire autonomic ner- 
vous system, with consequent increase in the nerve 
impulses to the anterior lobe of the pituitary gland, 
from which a reservoir of hormones break loose. These 
enter the circulation and bring about a tremendous 
increase in the secretions of the thyroid, adrenals and 
gonads, which, in turn, are responsible for many of 
the symptoms of the manic state, such as excessive 
sexual drive and quick recovery from fatigue. 

Chodoff, Langley Field, Va. 

Referred Head Pain and Its Concomitants, Doug- 
las G. Campbell and Clare M. Parsons, J. Nerv. 
& Ment. Dis. 99:544 (May) 1944. 

In order to investigate the nature and varieties of 
referred head pain, the mesodermal structures of the 
cervical and basioccipital somites of a number of volun- 
teer subjects were irritated by scratching the periosteum 
and periarticular structures with a fine needle or by the 
injection of 6 per cent sodium chloride in sterile solu- 
tion. It was found that irritation of structures in the 
region of the occipitoatlantal condyle and the first cer- 
vical interspace posteriorly caused referred pain, which 
was predominantly orbital and frontal from the condy- 
lar or basal region and predominantly occipital from 
the nuchal tissues. Pain originating from the cervical 
interspinous ligaments (second to fifth) was predomi- 
nantly occipital and upper cervical, with only occasional 
frontal reference. Concomitants of giddiness, pallor, 
sweating and nausea were seen with, basal, suboecipital 
and interspinous irritation. These symptoms varied in 
intensity, extent and duration. Infiltration of trigger 
spots with procaine was uniformly successful in tem- 
porarily relieving heterotopic pain and usually ame- 
liorated the concomitant symptoms. The resemblance 
of the subjective states produced to the post-traumatic 


“head” syndrome and to certain “neuralgias” and "my- 
algias” of the occipitocervical region was notable. 

The type of pain produced in these experiments is 
referred to as sclerotomal, as differentiated from the 
dermatomal pain produced from somites below the fifth 
cervical segment. 

The production of head pain from disease of the 
cervical, thoracic, and even lumbosacral, portions of 
the spine is explained as being due to hypertension of 
the long axial back muscles, with traction on their 
collagenous attachments to the occipital portion of the 
cranium. 

Sensory impulses from the deep suboecipital muscles 
reach the upper two cervical segments of the spinal 
cord and here may become associated synaptically with 
the spinal tract and nucleus of the fifth nerve. This 
suggests a mechanism whereby irritation of the sub- 
occipital- structures can account for anterior head pain. 

Also, the close iunctional interplay between tbe mus- 
cles of the eyes and the posterior cervical muscles 
provides an explanation for the equilibratory distur- 
bances seen in cases of the post-traumatic syndrome 
in which deep nuchol pain and spasm of cervical mus- 
cles are prominent features. Muscle spasm, whatever 
its cause, can provide the starting point for a vicious 
cycle because the pain produced gives rise reflexly to 
further spasm. In patients suffering from tension and 
anxiety states the production of such a vicious cycle, 
with spasm of the cervical muscles leading to head 
pain and further spasm, is the probable mechanism of 
the headaches so frequently seen and described as 

functional. Chodoff, Langley Field, Va. 


On Genuine Epilepsy. Ralph R. Greenson, Psy- 
choanalyt. Quart. 13:139, 1944. 

Greenson believes that, in addition to a hereditary 
predisposition on an organic basis, a psychologic pre- 
disposition to genuine epilepsy exists. He presents data 
obtained from the partial analysis of a man aged 20 
with epilepsy. The analysis revealed that the patient 
had strong aggressive, hostile and criminal drives, pas- 
sive homosexual longings and exhibitionistic, scopto- 
philic impulses. These trends were present partly as 
reaction formations and partly as direct expressions 
of instinct. The patient had a strong tendency to 
accumulate tensions instead of discharging small quan- 
tities, to block motor outlets and to shift excitation to 
the central nervous system. 

The aura was an anxiety equivalent and an orgasm 
derivative. In the seizures fantasies appeared contain- 
ing castration ideas and allusions to incestuous wishes. 
Murderous, sadistic and destructive drives were fanta- 
sied in the preconvulsive and postconvulsive states. 

The first attack was precipitated by a stimulus which 
was associated with infantile repressed material. Later 
attacks were precipitated by similar stimuli and by all 
situations which increased internal tensions — anxiety, 
sexual excitement or rage. The greatest obstacle in 
the analysis was the inability to analyze successfully 
the passive, homosexual aspects of the transference. 

Greenson believes that the psychologic predisposition 
to genuine epilepsy consists in the presence of strong 
■anal liadisTic 'trends. AVi psytbologic stimuVi AvbitVi 
increase internal tensions, especially those which touch 
on a repressed infantile nucleus, may precipitate an 
attack. The seizure itself is a trauma and is reacted 
to with phobic mechanisms. The attack also may be 
felt as a punishment. The seizures may permit the 
discharge of hitherto repressed fantasies. 
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The author believes that his case could be classified 
as one of pregenital conversion hysteria. 

Pearson, Philadelphia. 

The Guardhouse Inmate, with a Brief Description 
of the “Psychopathic Personality.” William 
Rottersman, War Med. 5;271 (May) 1944. 

Rottersman studied SO unselected inmates of a post 
stockade, using the Harrower-Erickson multiple choice 
(Rorschach) test, the Shipley-Hartford Retreat test, a 
•questionnaire covering information about the family 
history, age, education, length of service, conflicts with 
the law, childhood behavior disorders, psychotic trends 
and psychoneurotic complaints, sick call tendencies and 
breaches of military discipline and a personal inter- 
view. He found that approximately one third of the 
prisoners could be labeled pronounced psychopaths. The 
remaining two thirds were borderline psychopaths, per- 
sons of abnormal intelligence and persons with mental 
disease. Of the whole group, only 10 to 20 per cent 
could be considered normal. 

The author believes that the majority of guardhouse 
prisoners should never have been inducted, but since 
they are in the service, they should not be returned 
to civilian life because of the harmful effect on the 
morale of the reliable, conscientious soldiers and their 
relatives. Some might be sent to “labor” battalions; 
some require institutionalization, and some might profit 
from psychotherapy or chemotherapy. 

Pearson, Philadelphia. 

Suggestibility and Hysteria. H. J. Eysenck, J. 

Neurol. & Psychiat. 6:22 (Jan.- April) 1943. 

Eysenck investigated the phenomenon of suggesti- 
bility in 60 subjects, 30 of whom were hysterical and 
30 nonhysterical men and women. He used the pro- 
gressive weights and lines tests, involving both personal 
(“prestige”) and impersonal ("nonprestige") sugges- 
tion; the body sway test; the arm levitation test, and 
the Chevreul pendulum test, as well as tests for intel- 
ligence, perseveration and personal tempo. In none of 
the tests of suggestibility were there significant differ- 
ences between the hysterical and the nonhysterical sub- 
jects or between men and women. Thus, although 
hysterical persons are suggestible, they are not more 
so than nonhysterical persons. The tests used involved 
two types of suggestibility — primary and secondary. 
Primary suggestibility was distributed in the experi- 
mental population in the shape of a U curve, showed 
high reliability, was correlated with intelligence in a 
nonlinear manner (i. e., subjects of average intelli- 
gence were the most suggestible) and was shown to 
involve a type factor dividing suggestibility into the 
active and the passive type. Secondary suggestibility 
was distributed in the shape of a normal curve, showed 
a low reliability and was correlated with intelligence 
in a linear manner; i. e., the more intelligent the sub- 
ject, the less suggestible he was. Primary suggesti- 
bility seemed to be concerned with simpler tasks and 
was related to the phenomenon of dissociation, whereas 
secondary suggestibility dealt with more complex proc- 
esses of judgment which would make dissociation diffi- 
cult. Two factors of emotional response, viz., aptitude 
and attitude, were active in primary suggestibility. The 
personal tempo was negatively related to suggestibility, 
but perseveration did not show any definite relation 

Malamud, Ann Arbor, Mich. 


Diseases of the Brain 

Multiple Meningiomas. Joseph A. Mufson and 
Leo M. Davidoff, J. Neurosurg. 1:43 (Jan.) 1944. 

Multiple meningioma is so rare that in a series of 
295 cases of intracranial meningioma (Cushing and 
^Eisenhardt) there were only 3 instances of the condi- 
tion. Likewise, it is only in rare cases that such 
multiple growths have been successfully removed. 
Mufson and Davidoff report the removal of multiple 
meningiomas in 2 cases. 

In the first case ten meningiomas were removed in 
four successive operations over the course of three 
years. All the tumors were in the right hemicranium. 
Of interest is the notable transition in histologic form 
— from a benign psammomatous meningioma, obtained 
first, to a malignant tumor, removed at the last opera- 
tion. In the second case two meningiomas of mixed 
type (benign) were removed at a single operation 
from the left hemicranium. In neither case were there 
any of the stigmas of Recklinghausen’s disease.' 

Whiteley, Philadelphia. 

Spontaneous Ventricular Rupture in Hydroceph- 
alus WITH Subtentorial Cyst Formation. J. 
Pennybacker and D. S. Russell, J. Neurol. & 
Psychiat. 6:38 (Jan.- April) 1943. 

Pennybacker and Russell report 2 cases of hydro- 
cephalus resulting from obstruction of the aqueduct in 
which the dilatation of the lateral ventricles was accom- 
panied by rupture of their walls in the region of the 
vestibule, producing a subtentorial cyst wdiich com- 
municated with the lateral ventricle. The site of rup- 
ture was that part of the ventricle wall which is 
thinnest normally, i. e., in the medial angle of the 
collateral trigone, between the forward-sweeping crus 
of the fornix and the forceps major. In a third case 
of hydrocephalus resulting from occlusion of the fora- 
mens in the fourth ventricle by adhesive arachnoiditis 
thinning occurred without rupture of this area of the 
wall of the lateral ventricle. Ventriculographic exam- 
ination established the diagnosis. The treatment advo- 
cated by the authors is, first, the establishment of an 
opening in the anterior part of the third ventricle and, 
if this proves ineffective, a collapse of the cyst by the 

cerebellar approach. macamui., Ann Arbor, Mich. 

Diseases of the Spinal Cord 

Traumatic Spinal Arachnoiditis : Report of Two 
Cases. Leopoldo Salazar Viniegra, Arch, de 
neurol. y psiquiat. de Mexico 6:127 (March- April") 
1943. 

Salazar Viniegra reports 2 cases of injury to the 
back, 1 in a woman aged 38 and the other in a man 
aged 30. In both cases there were periods of freedom 
from complaints of two and six months respectively. 
In both cases the appearance of severe weakness and 
sensory changes in the lower limbs was rapid (two and 
four days respectively after onset of complaints). The 
passage of iodized poppyseed oil was stopped, but with- 
out the typical diffuse arrest of droplets. In 1 case 
only 1 cc. of spinal fluid was obtained, and in the other 
none could be withdrawn. There was an increase in 
cells and protein in the spinal fluid. No manometric 
studies are recorded. In 1 case the Kahn reaction of 
the blood was positive, a finding which the author con- 
siders coincidental. The diagnoses of leptomeningeal 



158 


ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


adhesions in 1 case and of a meningeal cyst in the 
other were verified by operation. No histologic studies 
were reported. The author assumes, a definite relation 
between the trauma to the back and the development 
of adhesive arachnoiditis. Savitsky. New York. 

Peripheral and Cranial Nerves 

Pain Referred to the Face, Neck, Upper Extremity 
AND Chest Due to Lesions in the Ear. Henry’ 
P. ScHUGT, Arch. Otolaryng. 39:430 (Maj’’) 1944. 

Schugt reports 2 cases of chronic mastoiditis in adult 
women in which pain was referred to the face, neck, 
upper part of the arm and thorax. In the first case 
radical mastoidectomy had been done on the right side 
several years ago. At that time a cholesteatoma was 
observed in the mastoid antrum and middle ear, witli 
extensive destruction of the bone, including the facial 
canal. Ten years later the wound began to discharge, 
after an infection of the upper respiratory tract. There 
was associated pain in the ear, and the patient was 
rehospitalized. Neurologic examination revealed noth- 
ing abnormal. A revision of the mastoid cavity revealed 
a small cholesteatoma near the opening of the eusta- 
chian tube. During the postoperative course it was 
observed that pain was initiated when the anterior wall 
of the mastoid cavity or when the eustachian tube was 
touched or packed with a thin tampon. The pain spread 
instantly over the entire auricle to the face, the eye, 
tlie temple, the upper and lower lip, the neck, the upper 
part of the arm and the upper and lateral part of the 
chest. The pain responded only to strong sedatives 
and to local applications of a 10 per cent solution of 
cocaine. A second revision of tlie mastoid cavity re- 
vealed no further pathologic process. The pain, how- 
ever. recurred in the same manner as after the first 
revision. Gradually complete epithelization took place, 
and the pain subsided. 

In the second case, pain developed in the ear, in the 
upper part of the arm and the upper part of the thorax. 
It was less violent than* in the first case and was not 
felt below the fourth rib. There was no evidence of 
local tenderness in the arm or chest. After a modified 
radical mastoidectomy, the pain subsided and was not 
present during the postoperative period, as in the first 
case. The author points out that as the site of the 
lesion in the first case was within the distribution of 
the trigeminal nerve, the pain felt in the temple and 
face may be considered as referred pain, conforming 
with Head’s theory. The same holds true for the pain 
in the upper cervical region and the upper part of the 
arm, as the trigeminospinal tract reaches the level of 
the upper cervical nerves. The thoracic pain is ex- 
plained by the fact that impulses arising at the site of 
the lesion reach the upper thoracic segments of the 
spinal cord through afferent spinal nerve components 
which traverse the plexuses on the common and inter- 
nal carotid arteries. 

Ryan, Aledical Corps, Army of the United States. 

Erosion of the Ala Nasi Following Trigeminal 
Denervation. J. Schorstein, J. Neurol. & 
Psychiat. 6:46 (Jan.-April) 1943. 

Schorstein draws attention to a new syndrome which 
he observed in 8 cases following trigeminal denervation 


either by section of the nerve or after injection of 
alcohol into the gasserian ganglion. In the resulting 
anesthetic area of the f^ce erosion of the ala nasi 
occurred and was frequently associated with pares- 
thesias, self-inflicted trauma, epistaxis, nasal fissures 
and facial ulcer. The author is of the opinion that 
erosion of the nostril results from self-inflicted, injury 
in an attempt by the patient to relieve himself of 
paresthesia. A contributing factor is the diminished 
resistance of anesthetic skin to superimposed infection. 
The progression of the lesions may 'be determined by 
failure of the cutaneous vasodilator reflex. Treatment - 
consists of warning the patients against manipulation 
of the skin and of covering ulcers and fissures with 
a bland ointment. AIalamud, Ann Arbor, Mich. 

Treatment, Neurosurgery 

The Picrotoxin Treatment of Barbiturate Poison- 
ing. Toseph F. Dorsey, J. Nerv. & Ment. Dis. 99: 
367 (April) 1944. 

Owing to the increasing use of the barbiturate drugs 
in suicidal attempts, the recognition and treatment of 
barbiturate poisoning has assumed considerable impor- 
tance. In cases of severe intoxications, with coma im- 
pending or present, active, and at times heroic, treatment 
is required. The patient should be placed in shock 
position and gastric lavage instituted immediately. Spe- 
cific treatment is based on the intravenous use of picro- 
toxin in an amount dependent on the depth of coma. 
The drug is injected at the rate of 1 cc. (3 mg.) per 
minute until the appearance of tremors of the extremi- 
ties, twitching of the lips and e 3 'elids and movements 
of the ej'es. When this stage is reached, the frequency 
of administration of the dose is decreased to keep the 
patient at a level of minimal twitching, since at this 
point tlie cardiac and respiratorj^ centers receive their 
maximal stimulation. Usually 1 cc. every five minutes 
is sufficient for this purpose, and with improvement 
this dose is gradually decreased. An overdose of picro- 
toxin may produce a convulsion. In addition to picro- 
toxin, application of heat, intravenous injection of fluids, 
administration of caffeine and sodium benzoate and, 
occasionally, inhalation of carbon dioxide and oxygen 
are indicated. If use of the picrotoxin is discontinued 
prematurely, the patient lapses again into deep coma. 

Chodoff, Langley Field, Va. 

Treatment of Mental Disease with Electric Shock. 

Cesar Delgado, Rev. de neuro-psiquiat. 6:263 (Sept.) 
1943. 

Electric shock therapy was used for the first time in 
Peru in Januar}’’ 1943. The author reports his results 
with 10 patients : 5 with schizophrenia, 2 with depres- 
sions, 1 with a manic state, 1 with a compulsive neurosis 
and 1 with psychoneurosis. Seven patients had complete 
remissions, and 3 showed notable improvement. There 
were no fractures. One patient incurred a readily re- 
ducible dislocation of the shoulder. All the patients 
with manic-depressive psychosis and 3 with schizo- 
phrenia had complete remissions. All the schizophrenic 
patients treated had been ill six months or less. No 
persistent mental sequelae were noted in any of the 

patients. „ • 

Savitsky, New York. 
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PHILADELPHIA PSYCHIATRIC .SOCIETY 

Harold D. Palmer, M.D., President, in the Chair 

Regular Meeting, March 10, 1944 

Excessive Androgen in the Female. Dr. Margaret 
De Ronde, Norristown, Pa. 

Two interesting cases of pronounced virilism in fe- 
males receiving androgen therapy were observed. 
Neither patient exhibited any indication of aberration 
in psychosexual development, although there was present 
enormous excess of androgens. In both patients the 
changes toward virilism, although substantial, were 
reversible. 

DISCUSSION 

Dr. N. W. Wikkelmax : It is not pleasant to see 
the male characteristics produced in thp female by ex- 
cessive androgen therapy, especially when one has one- 
self prescribed the treatment. It is consoling that the 
condition is a reversible process, as has been stated 
this evening and as is recorded in the literature. My 
associates and I had been treating female psychiatric 
patients with androgen, and we had noted the growth 
of hair, the change of voice and the other alterations 
described. We, too, have observed reversibilitjL I must 
confess that the first time I saw such changes I was 
profoundly shocked, but the male characteristics eventu- 
ally disappeared, after several months. Not more than 
225 mg. of androgen per month per patient is recom- 
mended. 

Dr. Harold D. Palmer : One of the interesting facts 
brought out by Dr. De Ronde is the apparent absence 
in these patients of a relationship between psychosexu- 
ality and the endocrine state. In both her cases excess 
of androgen was continuous over a period sufficient to 
produce physical changes tending toward masculinity, 
and yet there was no parallel change in psychosexual 
interest. This observation becomes important with 
respect to the relation of hormone secretion and sexu- 
ality, not only with the normal, but in cases of sex 
variants. My associates and I, as well as other investi- 
gators, have shown that a high percentage of homo- 
sexual males excrete excesses of estrogen in the urine. 
It has been thought that administration of testosterone 
and other forms of androgen might conceivably inhibit 
the secretion of estrogen and might tend to produce a 
regression of feminine physical characteristics and a 
change toward normal psychosexuality. It seems to 
me that one will have to accept in part the concept that 
in some instances homosexuality is a neurosis, but that 
in others it is a psychobiologic entity and is, therefore, 
amenable to changes in the endocrine balance. I believe 
this theory would find a good deal of support in the 
glandular effects of treatment of homosexual males with 
large doses of testosterone. While we do not yet have 
any statistical statement to make, it has been our ex- 
perience that in some cases normal psychosexuality de- 
velops after prolonged and intensive glandular therapy. 

Psychiatric Experience on a Naval Hospital Ship. 

Lieut. R. S. WiGTOX (MC), U.S.N.R. 

Duty on a hospital ship combines the advantages of 
sea duty with those of working in a small, excellently 


equipped hospital unit and offers a varied and busy 
experience. 

Of particular interest to the psychiatrist are the oppor- 
tunities to see psychiatric battle casualties at an early 
stage, to compare the reactions of the men from varying 
types of duty and to be in close contact with wounded 
and medically ill men — caring for burns and treating 
medical or surgical casualties when conditions required. 

In the care and transportation of the Avounded and 
ill during the campaign at Guadalcanal, the high morale, 
patience and fortitude of these men were inspiring to 
see. During this campaign, 671 neuropsychiatric pa- 
tients were handled, of whom 10 per cent were ps 3 xhotic, 
slightly less than 50 per cent had the cardinal symptoms 
of “combat fatigue” and 25 per cent had various psycho- 
neurotic reactions similar to those seen in civilian life. 

The cruise of a j'ear and a half provided an oppor- 
tunitj-^ for observations on the reactions of the ship’s 
crew to prolonged sea duty and to morale factors gen- 
erally. A few of the original members of the crew, 
who had been out for over two years, presented reactions 
similar enough to constitute a syndrome, with S 3 'mptoms 
of anorexia, insomnia, increased irritability and fears 
of their own impulsive action. These symptoms were 
not severe and were superficial. 

Another group of men from the first showed chronic 
psychoneurotic reaction patterns, with episodes of psy- 
chosomatic symptoms, anxiety and mild depression. As 
a group their symptoms, personalities and basic problems 
were fairly similar. They responded well to ordinary 
psychotherapy and were of chief interest in that they 
reacted well to prolonged sea duty. 

DISCUSSION 

Dr. T. L. Deiine : Lieutenant Wigton mentioned 
the development of a chronic combat fatigue pattern. 
Is that too variable to describe, or could he present it in 
a few words? Do patients with combat fatigue look 
like civilian patients in chronic neurotic states? What 
is the prognosis for these patients? Do patients with 
combat fatigue go back to duty, and do they stand up 
Avell after their return? 

Lieut. R. S. Wigton (MC), U.S.N.R,; My colleagues 
and I used sedatives freely as needed, to assure adequate 
sleep and freedom from disturbing symptoms. Pro- 
longed narcosis was not employed as the patients did 
not usually remain for extended periods. Narcosis 
treatment of patients with combat fatigue was limited b 3 ’- 
factors of time and numbers and was not often needed 
for control of disturbing symptoms. These usually sub- 
sided within a day or two. We felt that the patients 
were greatly aided by quiet surroundings, good food, 
hot showers and comfortable beds, as well as by inter- 
views which gave them an opportunity to relate their 
experiences and to obtain relief from their tendency to 
self criticism and feelings of guilt through reassurance 
and explanation. The understanding and helpful attitude 
of the personnel of the ship as a whole was of great 
value. Chronic neurotic states were seen which were 
analogous to civilian neuroses. The combat fatigue syn- 
drome developing in men without discernible predisposi- 
tion differed clinically. In speaking of a more chronic 
cornbat fatigue reaction, I refer to the men who, after 
losing their acute dramatic S3’^mptoms, need further 
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treatment and rest for persisting startle reactions, im- 
pairment of self confidence and increased anxiety reac- 
tions to situations of stress. 

We did not have the advantage of long observation 
of these patients and do not have first hand information 
concerning the further course of their illness. It is to 
be expected that their symptoms will gradually subside. 
More prolonged reactions are analogous to chronic 
anxiety states in civilian life. 

Present Day Trends in Psychiatry. Dr. Kenneth 
E. Appel. 

A number of cases from World War I, some from 
World War II and a civilian case were presented, to 
show what goes on in the therapeutic process of psy- 
chiatric disorders. In World War I, it was found 
that shell shock was not due to organic injury to the 
nervous system — ^the causes were factors of which the 
patient was unaware. Hypnosis was used in some cases. 
Rivers expressed tlie opinion that the patient should 
recognize and assimilate his terrifying experiences, and 
he was encouraged to do this in ordinary conversation. 
Consideration and understanding, rest and sympathy 
were found to be more important than intellectual for- 
mulation or explanation. 

In World War II, a similar method is employed — a 
state of partial sleep is induced by the intravenous use 
oi pentothal sodium. In this state the patient will talk 
of his experiences and express his fears or resentment, 
and with repeated use of this procedure he is relieved 
of his malignant tensions and in many cases can return 
to his company. 

In the case from civilian life, a man, because of his 
early training, had become a perfectionist, and ,fear, 
hate and resentment had led to physical illness with 
bleeding ulcers, for which medical therapy was of no 
avail. Feelings of resentment and antagonism were 
allowed to well up in psychiatric interviews, and the 
ulcers healed and the fears disappeared. Many such 
patients recover after the recalling of forgotten events 
and the expression of intense emotion, without the de- 
velopment of insight. So one need not make therapeutic 
efforts too intellectual or consider insight as a criterion 
of recovery. Patients get a sense of security, protection, 
support and understanding on the part of the physician, 
and these factors are more important than specific drugs, 
reasoning and explanation. 

DISCUSSION 

Dr. J. C. Yaskin : I am in agreement with Dr. Appel 
that psychotherapy for the majority of patients is a 
rational scientific procedure. Most patients, however, 
recover not because they obtain insight but, I believe, in 
spite of it, and most of the time without any intellectual 
insight. I am yet unable to form a clear idea of the 
mechanism by which the psychoneurotic patient improves 
with psychotherapy, but I believe the principles indicated 
by Dr. Appel apply to tlie majority of patients. I can- 
not escape tlie conclusion that in the everyday practice 
of psychotherapy suggestion and reassurance are im- 
portant factors. The first value of the psychothera- 
peutic approach which Dr. Appel outlined rests on the 
fact that one can carry on for many hours without 
exhausting useful material, obtainable only through free 
association. 

The treatment of patients with war neuroses should 
be somewhat modified. Such persons may be divided 
into two groups: patients destined to be psychoneurotic 
by prewar makeup and persons who become neurotic 
by reason of the hardships of war. The distinction is 


just as clear in this situation as it is in 'civilian life, in 
which two types of psychoneurotic patients are recog- 
nized; persons who have a psychoneurotic makeup of 
long standing, which emerges with some precipitating 
factor, and persons with true neuroses whose personali- 
ties are fairly well integrated. The psychoneurotic pa- 
tient with a defective personality background reacts in 
large measure in war as he does in civilian life. With 
the patient suffering from a war neurosis the situation 
is different, since under stress of war conditions he 
acquires a so-called fatigue neurosis, which is practically 
equivalent to the problem of an acute anxiety neurosis 
in civilian life. Men with such a condition react satis- 
factorily with one treatment or another. In World 
War I many patients presented pure conversion symp- 
toms. There were hundreds of men and officers with ' 
paralyzed legs who had no anxiety and were enjoying 
their situation. I saw hundreds get well on Nov. 11, 
1918 who were not suffering from an acute anxiety state. 
With these men hypnosis, persuasion and good old- 
fashioned suggestion and shock were useful. Corpsmen 
were taught that when a new train arrived they were to 
tell the men they would get well in a few weeks, and 
it worked. Patients recovered in a matter of weeks, 
instead of months. Suggestion is an important mode 
of approach with some patients with these neuroses, 
but not with those who have severe anxiety. 

Suggestion should still play a major role in the treat- 
ment of some neuroses in the war situation, even as it 
does in the physician’s office, and I dare say patients 
are encountered for whom deep psychotherapy is not 
advantageous. Some patients with hysterical aphonias 
or paralyses react better to suggestion than to deep 
analysis. With some of these patients profound analysis 
is not conducive to therapeutic results. 

Dr. S. B. Hadden: I appreciate Dr. Appel's presen- 
tation of this method of approach to the neurotic states, 
but I wish to express my disagreement with his com- 
ment that real cure can occur without development of 
insight. Dr. Appel and I may be speaking of the same 
thing from different points of view. I am sure that he 
does not refer to an intellectual type of insight — one 
with complete understanding of all mental mechanisms; 

I do not believe that that type of insight is necessary 
for cure, but I do feel that insight and understanding 
of the nature of behavior are necessary to recovery 
and that in Dr. Appel’s case this occurred. By the 
free passive type of analysis, the patient is stirred to 
a voluble discussion of his early life, and his repres- 
sions and feelings of hostility may be verbalized; as 
this goes on, he gradually acquires a degree of emotional 
insight. As the result of emotional, ratlier than of 
intellectual, insight there is a more satisfactory apprecia- 
tion and adjustment of his personality difficulties. Many 
times the patient does not know why he got well, but 
he was brought through an experience that gave him 
emotional, and not intellectual, insight. It is also im- 
portant that many incidents that are most valuable in 
therapy the physician may not consider important at all. 

I am sure every one is interested to know why one 
does succeed in some cases. I had a ratlier dramatic 
experience of this kind with a minister of a very rigid 
sect. We had had several unsatisfactory interviews. 
One day he said, “Doctor, I should think that you, 
knowing that I am a minister and that I am opposed 
to smoking, would refrain from smoking in my pres- 
ence." I said, “Why should I?” He was upset by 
my response but continued treatment. After he reached 
a certain point in the road to recovery, he said, “Doctor, 

I feel that I am getting better, but I thought I would 
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never improve under your care.” I asked, “Why do 
you suppose you are getting better?” He answered, 
“You sort of burst my bubble. The day thJit you did 
not stand in awe of me, a minister, did sotnething to 
me.” My remark was certainly not a planned procedure, 
but it helped him to acquire insight into thd'^lact that 
he was utilizing his ministry to cloak certain inade- 
quacies. 

I think that many times we psychiatrists lead patients 
through a passive analysis which does not give them 
understanding, or, as we call it, insight, but they have 
acquired a subconscious, an emotional, insight, which 
in my opinion is better than the intellectual insight. 
Many patients obtain real intellcctualized insight which 
wo ws.o to tV.ova. 

Dr. F. H. Leavitt; These cases are quite similar to 
those that I had while with the American Expeditionary 
Forces in France, in 1918. For such men as these, there 
were three neurologic field hospitals and, back of these, 
two neurologic base hospitals. It was found in the 
field hospitals, where the psychiatric patients were re- 
ceived early, and within a few miles of the front line 
area, that from 75 to 90 per cent of then! could be 
returned to dutj' within about seven days. The majority 
of these patients were then said to have “shell shock,” 
but at present the condition is termed “battle fatigue.” 
There were also a number of patients with conversion 
hysteria, and success with them was variable. A reg- 
imen of regular feeding, sleep and psychotherapy did 
wonders to get these men back to duty; for the men 
who did not improve or get well within a reasonable 
time the prognosis was bad, and many of them were 
seen years later at the Veterans Administration Facility 
and at government hospitals. 

Memorial to Dr. Charles W. Burr. Pr. F. H. 

Leavitt. 

Dr. Charles W. Burr died on Feb. 19, l944, at the 
age of 82 years. Dr. Burr was one of the founders 
of the Philadelphia Psychiatric Society and was presi- 
dent on three occasions. He was past president of the 
American Neurological Association and past president 
of the Pathological Society of Philadelphia. He served 
as professor of mental diseases at the University of 
Pennsylvania Medical School from 1901 to 1930 and was 
emeritus professor of mental diseases from l931 to 1942. 


PHILADELPHIA NEUROLOGICAL 
SOCIETY 

George D. Gammon, M.D., Presidhig 
Regular Meeting, Feh. 25, 1944 

Meningioma of the Lateral Ventricle: Report of 
a Case. Dr. Francis C. Grant. 

A white man aged 42 was admitted to the University 
Hospital on April 29, 1942, complaining of headache, 
ataxia, convulsions and fatigue. Because of interstitial 
keratitis he had been treated for syphilis for many years. 
Nine years prior to admission he noted that he staggered 
when he walked and began to have headache. Eight 
years before admission deafness developed. Five months 
prior to admission he noted tremor and weakness of the 
right hand, his headache became more severe and he 
staggered easily. Two weeks before admission he had 


a generalized convulsion, ushered in by a feeling of 
dizziness. 

The positive neurologic findings were bilateral deaf- 
ness," more pronounced on the left side; irregular, 
sluggish pupils ; ataxic gait, and a questionable Babinski 
sign on the left side. The eyegrounds and visual fields 
were normal. 

Roentgenographic studies of the head revealed nothing 
abnormal. 

Air studies showed a complete block of the right ven- 
tricle, and the exploring needle demonstrated a resistant 
mass in this area. 

Through a right temporoparietal bone flap and cortical 
incision, a purplish, discrete tumor, trilobular and 
iorming a cast oi t!nc ^rantric'ics, and zxmi- 

pletely removed. No attachment to the choroid plexus 
was noted. The tumor weighed 75 Gm. 

Microscopic examination showed that the tumor was 
a fibroblastoma of the arachnoid. 

Postoperative convalescence was smooth. The patient 
returned to work in six months and has had no further 
symptoms to date. 

DISCUSSION 

Dr. N. W. Winkelman: I treated this man many 
years ago for neurosyphilis. At that time he had the 
interstitial keratitis and the deafness which he still 
manifests. I lost track of him about four or five years 
ago. I congratulate Dr. Grant on a brilliant diagnosis 
and surgical procedure. 


The Scalenus Anticus Syndrome. Dr. Bernard D. 

JUDOVICH. 


The scalenus anticus syndrome may be primary or 
secondary, the former usually being due to trauma and 
the latter associated with local lesions, such as tendonitis, 
bursitis or myositis. 

A spastic scalene muscle may compress the subclavian 
artery, which lies in the acute angle formed by the 
muscle and the first rib. In rare instances an anomalous 
subclavian vein may be compressed. Tenderness of 
nerve pattern type may occasionally be encountered. 

The symptoms, which consist of pain, numbness and 
a sensation of heaviness in the arm, tenderness, pares- 
thesias and coldness of the hand, are correlated with 
the anatomic structures affected. In 1 case the pain of 
angina pectoris was simulated. In 2 cases compression 
of the subclavian vein simulated arthritis of the hand^ 
In another case vasomotor instability simulated Ray- 
naud’s disease. 


Diagnostic procedures include demonstration of 
tension and compression of the scalenus muscle; oscillo- 
metric dynamometric and oitan.eAus. rewi- 

ings, and the procaine test. 


A new method of infiltration of the muscle with in- 
jection of procaine hydrochloride for diagnostic and 
therapeutic purposes is discussed. Factors which may 
cause a false interpretation of the test are a Horner 
syndrome and peripheral anesthesia following the in- 
jection of procaine. If either of these signs is present 
after injection, the test should be disregarded and the 
procedure repeated on another occasion. 

Treatment includes repeated infiltrations of procaine, 
postural correction and surgical measures. 


/T j • lu mil m anotner journ 

(Judovich, B.; Bates, W., and Drayton, W., Jr.: Ai 
J. Surg. 63:377 [March] 1944). 
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DISCUSSION 

Dr. H. E. Yaskin ; If one observes a patient holding 
his hand over his head, with a sad expression on his 
face, one may anticipate cure by attack on the scalene 
muscle. Failure in some cases may be due to one of 
several factors, among which the functional element 
must play a major role. A neurotic patient may have 
localized pain. This is one source of therapeutic dis- 
appointment. Does Dr. Judovich have the number of 
patients he has actually treated? 

Dr. Bernard D. Judovich: The number of patients 
actually treated was over 100, and of these a number 
were relieved. Since my colleagues and I have changed 
our technic of injections we have had a high percentage 
of good results. 

In the case presentered here there was no evidence 
of intraspinal lesion. Dr. Grant was not inclined to 
proceed with subarachnoid studies, and I feel that he 
was correct. Discoloration of the hand with involve- 
ment of three fingers in a patient who tends to carry 
his arm over the head points to an easy diagnosis, and 
the result of treatment is usually satisfactory. Our 
patients are treated with two or three injections of pro- 
caine. An occasional patient gets well without injec- 
tions, and 1 patient in our group recovered with physical 
therapy, exercises and application of diathermy to the 
supraclavicular region. A diagnosis of compression of 
the scalene muscle does not always mean an operative 
procedure. 

Dr. George D. Gamivion : I should like to ask about 
the pain mechanisms involved in cases of this syndrome. 
I was glad to see that the author differentiated the relief 
obtained with infiltration of the muscle directly from 
relief obtained with production of the Horner syndrome 
and of anesthesia in the brachial plexus. 

Dr. L. Kraeer Ferguson studied a similar group of 
patients at the university and reported to the section of 
neurology that the patient often did not get relief of 
pain unless he produced a Horner syndrome. Dr. 
Judovich is wise to separate the group who obtain relief 
from infiltration of the sympathetic fibers from patients 
who obtain relief from infiltration of the scalene muscle 
alone. 

In another case, after injection into a section of scale- 
nus muscle by Dr. Freeman, the patient was immediately 
relieved of her pain and did fairly well for two or three 
weeks. Suddenly there was a terrific attack of pain, 
lasting, I believe, from six to twelve hours, followed 
by weakness, with notable advance in atrophy in the 
muscles of the hand. It was as though there had been 
an interruption of the blood supply of the brachial 
plaxus. I wonder whether Dr. Judovich has had any 
similar experience. 

Finally, I should like to ask what 2 cc. of procaine 
hydrochloride does to the muscle? Does it anesthetize 
the muscle itself? What evidence is there that it relaxes 
the muscle and relieves pressure? Would not the test 
of such an effect be a reverse procedure — injection of 
an irritating substance in the muscle, such as Lewis has 
done with a solution of sodium chloride, in order to 
see whether the pain was increased? It has been a 
question in my mind for some time just what the action 
of the procaine was, and I should like Dr. Judovich to 
comment on that, if he will. Is it necessary to infiltrate 
a muscle at the side of the entering nerv'e supply in 
order to obtain relaxation? Does it matter where the 
injection is made? 


Dr. Bernard D. Judovich: I do not know exactly 
what the procaine does except to paralyze the muscle 
temporarily, and this effect is palpable to the hand. 
The muscle is spastic before the injection and relaxed 
afterward. I believe it is tension against the vessel 
itself whfch causes pain. A good deal of pull would be 
needed to raise a patient’s rib. We noticed, as I said, 
that we had operative failures in cases in which a 
Horner syndrome followed injection. We had a clue 
to this with a patient who showed a Horner syndrome 
after one injection and not after the other. " She had 
relief with both infiltrations and was cured by operation. 

We usually infiltrate the procaine at the lower end 
of the muscle, about 1 to 1J4 inches (2.5 to 4 cm.) 
above the clavicle. The nerve supply comes from the 
third, fourth and fifth segments and sends branches 
into the muscle itself; I believe no nerves enter the 
lower end of the scalenus muscle. 

Dr. S. B. Hadden : If Dr. Judovich had done nothing 
but call attention to the fact that in many cases of this 
syndrome the condition is secondary to some other pain- 
ful lesion around the shoulders his presentation would 
still have been excellent, but he has done more. For the 
past seventeen years I have been associated with the 
police and fire department as consulting neurologist in 
the welfare department. Police and firemen are a breed 
unto themselves and have a large number of occupa- 
tional diseases, this syndrome being one of them. I 
have reported before this society some of the curious 
disorders that policemen and firemen present. For ex- 
ample, a case of meralgia paresthetica is almost a daily 
occurrence, and the reason is apparent when I say that 
on several occasions I have weighed the pistol belt and 
pants of patrolmen and found them to weigh anywhere 
from 12 to 22 pounds (5.4 to 10 Kg.). In the course 
of the past seventeen years I have seen at least 200 
cases of meralgia paresthetica. I have likewise seen 
a great number of cases of scalenus anticus syndrome. 
They are usually secondary to some other lesion around 
the shoulders, and the fact that certain policemen wear 
a shoulder holster, weighing from 7 to 10 pounds (3.2 
to 4.5 Kg.), which swings on them at least eight hours 
a day is a factor. They come to me with myositis, or a 
painful shoulder if you will, and gradually secondary 
fixation, with contraction of the scalenus anticus muscle 
and this syndrome, is, added. Many local conditions of 
the shoulder are associated with this condition, but al- 
most inevitably there occur the elevation, fixation and 
secondary scalenus anticus syndrome. We have been 
giving injections in such cases, with surprisingly good 
results. We have discovered that there is not much use 
in injecting procaine into the scalenus anticus muscle 
alone and allowing other painful lesions around the 
shoulder joints to continue; these should _be taken care 
of at the same time. Also, we have usually preceded 
and followed injection into the scalenus anticus muscle 
with the application of short wave diathermy and ex- 
ercise. It is of the utmost importance, when the patient 
has been made free of this pain, to get him to exercise 
the painful shoulder, keeping it up for ten or fifteen 
minutes after the injection. I should say that our 
percentage of . good results with that procedure has 
been about 75 or 80. 

One must regard this syndrome as a secondary rather 
than as a primary disease, and it most often can be 
relieved without operation. Formerly a great many of 
our patrolmen were operated on, when it was fashionable 
to do so, but I believe that injection into the scalenus 
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anticus muscle for this and oilier painful lesions around 
the shoulder, combined with use of local heat and exer- 
cise, is giving relief in a much higher percentage of 
cases. 

In how many cases did Dr. Judovich find tlie compli- 
cation of occipital neuralgia? We have seen a great 
many such cases in the police department, for traffic 
policemen will stand on a windy corner for several hours, 
with their backs to tbe wind and coat collars turned up 
to protect their necks, and when seen will have occipital 
neuralgia, as well as all the classic symptoms of the 
scalenus anticus syndrome. 

Dr. Berx.\ru D. Jupovicii : We find occipital neu- 
ralgia in about 15 per cent of our cases. We usually 
infiltrate the scalenus muscle ; if the patient obtains 
relief from the occipital neuralgia nothing more is done. 
In other cases it may be necessary to infiltrate the 
occipital region. 

Dr. AIichael Scott: Perhaps the reason for the 
relief of the pain after injection of the scalenus anticus 
muscle is not the analgesia following the injection bul, 
rather, the interruption by the anesthesia of the proprio- 
ceptive fibers in the muscle, resulting in loss of muscle 
tone, relaxation and therefore relief. 


News and Comment 


COURSE OF STUDY IN THE RORSCHACH 
TEST, MICHAEL REESE HOSPITAL 

The course on the R,orschach test offered by Michael 
Reese Hospital, Chicago, is scheduled this year for the 
week of June 4 to 8 inclusive. The records to be 
demonstrated will be representative of the older ado- 
lescent and the younger adult, with especial emphasis 
on persons discharged from the military services. Dr. 
S. J. Beck, head of the psychology laboratory, will con- 
duct the course. It meets twice daily, in two hour 
sessions. Interested persons may inquire of the secre- 
tdri'. Department of Neuropsychiatry, Michael Reese 
Hospital, 2908 Ellis Avenue, Chicago 16. 

CANCELLATION OF MIDWEST CONFER- 
ENCE ON REHABILITATION 

At the request of the War Committee on Conventions, 
Washington, D. C., the Institute of Medicine of Chicago 
has canceled its Midwest Conference on Rehabilitation, 
scheduled for Alonday, February 12, at the Drake Hotel, 
^Chicago. 



Book Reviews 


Crime and the Human Mind. By David Abrahamsen, 

M.D. Price, $3. Pp. 244. New York; Columbia 

University Press, 1944. 

Inasmuch as there have been so few books written on 
the subject of crime in definite connection with psy- 
chiatry, any attempt to evaluate the conclusions derived 
therein must needs be guarded. 

Statements in the preface would indicate that the 
author has had a rather enviable variety of experience^ 
including work in criminology in Norway, association 
with the Illinois State Penitentiary and, lately, as a 
member of the staff of the Court of General Sessions, 
New York city. 

The subject matter deals largely with a succinct and 
condensed review of the literature concerned with the 
criminologic, biologic, anthropologic and psychiatric (in- 
cluding the psychoanalytic) aspects of crime. The cul- 
tural and sociologic aspects also receive appraisal. 

Having digested, or redigested, all of this material, 
one is still left with the main question unanswered, 
namely ; What is the relationship between crime and 
psychiatry? As is admitted by the author, less than 
10 per cent of criminal activity is accounted for by 
psychosis or mental deficiency. That criminals are 
deviates from the accepted average is axiomatic. Yet 
when one attempts to interpret the antisocial behavior 
of the criminal exclusively in terms of psychopathology, 
one almost invariably is obliged to fall back on conjec- 
ture. Aside from the psychotic and mentally defective 
personality, the author introduces a new classificatory 
label for the psychopath, namely, the neurotic character. 
As with the “compulsive psychoneurotics and psychas- 
tlienics,” psychotherapy, or reeducation, is advised. Just 
how this recommendation is to be put into effect on 
any appreciable scale is not mentioned- except through 
the author’s allusion to the work being done in one or 
two dubious federal penal institutions. He does not go 
as far as Karpman and Zilboorg, who advocate pro- 
longed psychotherapy in a mental institution for this 
group of offenders. He does strike a rather hopeful, 
though dubious, note, however, in averring that the 
psychopath, or his freshly substituted neurotic char- 
acter, “provided no organic lesion is present, has a 
chance to mature and to adjust socially when [he 
reaches] forthy-five if properly provided with adequate 
institutional training.” 

In the final paragraphs, the author seems to grasp 
the crux of the situation when he states ; “The behavior 
of the individual, be it a personal or a social maladjust- 
ment, is only a reflection of how disorganized society 
is.” He fails to add, however, that these unhealthy 
cultural and educational influences have their origin in 
■unhealthy concepts of parental and school training sys- 
tems ; otherwise, over 60 per cent of the offenders would 
not begin tlieir criminal preoccupations during their 
period of exposure to these systems. 

As to remedial measures, certainly individual psycho- 
therapy, as administered in mental hygiene and court 
clinics and in prisons, has effected little, if any, diminu- 
■tion in the incidence of crime; nor have the indirect 
■therapeutic methods, such as are utilized in the proba- 


tion, parole and reformatory systems, brought about 
any appreciable abatement in criminal offenses. 

It is to be hoped that the author may produce a sup- 
plementary volume analyzing these faulty training 
methods and therein make appropriate recommendation 
as to constructive alterations. 

The book should be of assistance to the student of 
criminal psychiatry. 

La oliva bulbar; estructura, funcion y patologia. 

By J. O. Trelles. Pp. xi plus 105, with 46 illustra- 
tions. Lima, Peru : Editorial Lumen, 1944. 

In this handsomely printed monograph, Trelles has 
summarized what is known about the inferior olive, 
much of it based on his own researches in Paris. It 
seems that much more is known of the anatomy and 
pathology of this prominent structure than of its func- 
tion. However, new light has been shed on its function 
during the past decade, since the concurrence of olivary 
hj^iertrophy and palatal mjmclonus has been established. 
This is shown in the 28 cases collected by the author. 
Concurrent lesions, however, have complicated the prob- 
lem. In most cases of palatal myoclonus there have been 
lesions of the central tegmental fasciculus on the same 
side ; but in a minority of cases the contralateral dentate 
nucleus has suffered, and in 1 case neither structure 
was affected. Moreover, not all lesions of the fasciculus 
or of the dentate nucleus are sufficiently severe to pro- 
voke the hypertrophy. When it occurs, the hypertrophic 
change may commence within a week of the exciting 
lesion and may last for years. The olivary hypertrophy 
not only is gross but includes the ganglion cells, -which 
undergo extraordinary reduplication of processes and 
peculiar distortions, as shown by drawings and by photo- 
micrographs. The author designates these changes as 
gigantocytosis with paraphytosis and compares the 
mechanism with that observed with certain lesions of 
peripheral neurons. He leans away from the trans- 
synaptic degeneration theory, since he has shown a well 
defined connection between the dentate nucleus and the 
opposite olivary body by way of the superior cerebellar 
peduncle. 

Preliminary chapters deal with the anatomy and con- 
nections of the olivary body and the developmental 
aspects through the vertebrate series and in the indi- 
vidual organism. Sclerosis of the olivary nucleus may 
occur in particularly prominent fashion in dementia 
paralytica, and may thus underlie the dysarthria of this 
disease. Senile changes in the olives are common, but 
senile plaques are not encountered. On the other hand, 
in myoclonus epilepsy the cells are always affected, 
sometimes in isolated fashion. Isolated degenerations 
of the olivary bodies occur rarely and are accompanied 
by rigidity and tremor. More frequently, the olives are 
involved together with the cerebellum and other struc- 
tures in the well known system diseases. A good 
bibliography and author index complete the work. While 
it is apparent from this monograph that lesions of the 
olive are associated with disturbances in muscular func- 
tion in the nature of myoclonias, tremor and rigidit}', 
the function of the olives in assuring smooth and co- 
ordinated action of the various muscles still remains 
much of a mystery. 

164 



Archives of Neur ology and Psychiatry 

^ 'march IMS ■ I 

CorY^lGllT, 1945, BY THE AitERiCAS MedICAE ASSOCtATION ____ 


Number 3 


VISUAL DISTURBANCES PRODUCED BY BILATERAL LESIONS OF 
THE OCCIPITAL LOBES WITH CENTRAL SCOTOMAS 

LIEUTENANT COMMANDER M. B. BENDER, MC(S), US.N.R. 

AND 

CO:^IMANDER L. T. FURLOW, :MC(S), U.S.N.R. 


E.xperience in 'the last war has shown that 
injuries to both occipital lobes result in Total 
blindness. The blindness, however, is rarely 
'permanent.^ As a rule, there is progressive 
restitution of vision although recover}'- is seldom 
complete. In many cases careful perimetric 
examination ma}' reveal residual scotomas in the 
homonymous fields of vision. The degree of 
partial blindness depends on the extent of the 
damage to the calcarine cortex. In addition to 
field defects, certain, physiologic and psychologic 
mechanisms of vision may become apparent in 
these cases through special examinations. In- 
teresting descriptions of qualitative and quantita- 
tive changes in restitution of visual function may 
also be volunteered by the patient. Recently, 
we had the opportunity to study several persons 
with battle 4vounds of both occipital lobes. One 
of the patients- presented a remarkable clinical 
picture throughout the period of recovery, and 
his ‘case is herewith described in detail. - 

REPORT OF A CASE 

History . — A 'Marine, private first class, aged 23, rvas 
struck in the occiput by enemy gunfire. As soon as 
he was hit, he fell and apparently lost consciousness. 
He was given emergency treatment, and when he re- 
covered, within several hours, he rvas totally blind, 
unable even to see light. Two days later he appre- 
ciated light, but everything appeared to him to be a 
“milky haze or dense fog.” He could not recognize 
any movement until nine days after the iniury. 

E.ramhwtion. — Physical examination at an overseas 
base hospital revealed hvo almost healed, clean bullet 

From tbe United States Naval Hospital, San Diego, 
Calif. 

^ This article has-been released for publication by tbe 
Division of Publications of the Bureau of Medicine 
and Surgery of the United States Navy. The opinions 
and views set forth in .this article are those of the writers 
and are not to be construed as reflecting tire policies of 
the Navy Department. 

1. Kliiver, H.: Visual Disturbances After Cerebral 
Lesions, Psychol. Bull. 24:316-358, 1927. IVilbrand, 
H., and Saenger, A.: Die Verletzungen der Sehbahn 
des Gehirns mit besonderer Beriicksichtigung der 
Krfegsverletzungen, VCesbaden, J. F. Bergmann, 1918. 

2. The other patients in this series rfevealed similar 
symptoms, but to a lesser degree. 


wounds, each located exactly 1 inch (2.54 cm.) superior 
to and 2 inches (5 cm.) lateral to the right and the 
left of the inion of the occiput. The hole on the right 
side was larger than the one on the left, and, according 
to the records, the direction of enemy firing was from 
the patient’s right side. The right pupil measured 
5 mm. and the left pupil 3 mm. Both responded, to 
light, but the left one reacted better than the right. 
There was no ptosis or palsy of the ocular muscles. 
A transient nystagmus was noted, especially on lateral 
gaze to tlie right. Both optic fundi showed papilledema. 
Grossly, no definite visual defects could be plotted. 
Subjectively, the patient felt that he was perceiving 
with- his central fields of vision. The rest of the neuro- 
logic examination gave essentially normal results. A 
roentgenogram of the skuU disclosed two irregular 
defects in the left and right occipital bones respectively, 
with intercommunicating fracture lines between the two. 
Ih addition, bony fragments 4vere noted to extend 
intracraniahy for 2 cm. from the occiput (fig. I /4), 
V'entficulographic examination, performed because' of 
papilledema, showed slight upward elevation of the 
ri^rt posterior horn (fig. 1 B). There was no evidence 
of subdural or subarachnoid hemorrhage, and* on the 
surface the cortex, appeared normal. The patient was 
treated conservatively and continued to improve. 

Progress. — -Thirtj'-five -days after* the injury the 'pa- 
tient -w^as able to appreciate the presence and contrast 
of objects in his surroundings. He made the interest- 
ing observation that his vision seemed to be equally 
good in the central and in the peripheral part of the 
field of vision, AH objects, however, appeared’ to him 
to be obscured by a "dense fog.” Special psychologic 
tests showed no intellectual impairment. Comprehen- 
sion and reaction times were normal. Physical and 
neurologic examination showed no deviation from pre- 
vious records except that the papilledema had receded. 

Fort 3 ’--tliree days after the injury a craniotomy was 
performed, and fragments of bone were removed from 
the left side (fig. 2). The cortex of both occipital 
poles was observed' to be damaged, and the adjacent 
subcortex on the right side showed a large degenera- 
tive cj-st. One week later the patient complained of 
liumbness, tingling and inability to recognize objects 
in the finger tips of either hand. Examination dis- 
closed bilateral impairment of stereognosis, position 
sense and tw’o point discrimination. These defects were 
mild and transient. His vision continued to improve. 

Two months after the injury rough perimetric exam- 
ination disclosed large, absolute central scotomas in 
both eyes, each surrounded by relative scotomatous 
defects. ^ The latter seemed to be less intense toward 
the periphery of the field of vision. Unconsciously, 
.65 
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the patient had a great tendency to fix with his periph- 
eral field of vision. He was unaware of the large 
scotomas in his central fields of vision, and he could 
not be convinced that he was actually sefeing with his 
peripheral retina. To him objects appeared to be in 
the middle of his field of vision. One week after this 
examination the fields were plotted on a tangent screen 
at a distance of 1 meter, ocular fixation being main- 
tained with his peripheral field of vision. These fields 
showed scotomas extending 20 degrees from the central 
point for motion of a 10 mm. test object. There was 
no color perception. Peripherally, he could detect 
motion, direction of movement and objects described 
by motion, such as a drawn circle, a triangle, the num- 
ber 4 and the letter A He claimed that whatever 
vision he had seemed to be clearer with low illumina- 
tion. 

Ten weeks after the injury he began to ‘notice large 
print He was still under the impression that he saw 
with his central field of vision The image was indis- 



Fig 1 — roentgenogram of the left side of the 
skull, revealing defects and scattered fragments of bone 
extending intracranially from the occiput. B, ventric- 
ulogram of the right side, showing elevation of the 
posterior horn of the right lateral v.entricle. 


tinct, and all he could actually distinguish vv'as con-- 
trast between black and white. Color perception had 
not yet returned Opticomotor nystagmus could be 
elicited when he fixed with his peripheral field of 
V ision. 

Eleven weeks after the injury the patient volunteered 
that he saw much better at night or in the dark, when 
he could recognize objects, and even some color. On 
cloudy dajs or at dusk he could count fingers and 
tliought he could identify red and jellow in the periph- 
eral portion of the left field of vision Dark adapta- 
tion time mea'iured on the Feldman adaptometer was 


nine minutes. Subsequent examinations by other meth- 
ods also showed prolongation of the dark adaptation 
time. 

Three months after the injury the visual fields were 
plotted on a tangent screen at a distance of 35 cm. 
under illumination bf 3.5 foot candles. The size of 
the test object used was 10 mm. The plotted fields 
revealed large bilateral central scotomas extending 15 
degrees from the central point. The absolute scotoma 
was surrounded by concentric zones of relative loss of 
vision, the defects being less conspicuous toward the 
periphery of the field of vdsion. 

Six months after the injury the extent of the central 
scotoma remained unchanged. In the left upper quad- 
lants of the fields of vision the patient was able to 
recognize a yellow pencil with a small red top. This 
image, he claimed, fluctuated in brightness and clear- 
ness.* Seven months after the injury, in the right 
upper quadrants he identified the color of small test ob- 
jects (fig. 3). In other quadrants he recognized form 
and shape, such as geometric figures or letters of the 
alphabet. 

From this time he was able to walk about without 
assistance. He was not, however, certain or confident 
of walking unaided in the street. Further recovery 
was slow. The visual fields were practically un- 
changed. Five months after the injury after-imagery 
could not be induced irrespective of the quantity or 
quality of the light stimulus applied.® 



Fig. 2. — Roentgenogram of the left side of the skull 
after removal of fragments of bone. 


COMMENT 

/ 

In order not to lose the significance of the signs 
and symptoms noted during the convalescent 
period, each will be described and discussed 
under its own heading. 

Perception of Light . — The first visual function, 
which returned two days after'* the patient was 
injured, was that of light perception. He stated: 
“What I saw was a milky fog.” Everything 
before him seemed to be a glare. A bright 

3 In the cases of patients with less extenswe de- 
fects of the central visual field, after-imagery could 
be elicited, but the responses varied. In a patient with 
three fourths of his binocular field of vision defective, 
the shining of a round light into either eye produced 
an angular of square, gray image, which showed no 
fluctuation in color except for a transient maroon, a 
blue tint or a darkening of the tone of graj. 


bender-furlow-lesions of occipital lobes with scotomas 


object or sunlight was unpleasant to him. He 
constantly sought shady areas and avoided sun- 
light because he felt more comfortable in the 
dark. For this reason, he independently pur- 
chased dark lenses and wore them religiously 
during the day. He claimed he felt better on 
cloudy days and at night. Three months after 
the injur}^ he noted that he perceived movement 
or outlines of objects best in the dark or at night. 
He stated : ‘T can see better in total darkness. 
At times I could, see the outline of a fl5dng air- 
plane at night. When I come out of a dark room 
’into a bright room, my eyes hurt, and it makes 
me blink.” He also found that he recognized 
att object with a dark background better than 
when it was silhouetted against* a light or a bright 
field. Under bright illumination he identified 
the presence of an object better when it was 



Brightness also interfered with his perception 
of color and form, and even of motion.- Inter- 
esting psychologic reactions were the unpleasant 
emotional experiences he had while exposed to 
illumination and his relative sense of security and 
'calmness when in the. dark. 

Perception oj Movement . — Almost as soon as 
the patient was able to distinguish between light 
and dark he recognized movement of large ob- 
jects, such as the waving of a hand or an arm 
in his peripheral fields of vision. Five weeks 
after the injury the patient noted that he could 
“guess” at objects in his surroundings, such as 
pieces of furniture, but only while he was -in 
motion. When he was standing still he did not 
see much. This is an example of appreciation 
of relative movement. Everything before him 
appeared foggy, and he did not even attempt to 



Fig. 3. — ^^^isual fields plotted on a tangent- screen six months after injury to both occipital lobes. Size of 
test object, 10 mm.; distance, 35 cm; illumination, 3.5 foot candles. The solid black area represents absolute 
scotoma, and the stippled area, relative blindness, which is most pronounced centrally and less evident toward 
the peripherJ^ The line of dots represents an area in’ which color vision was preserved. The patient was able 
to recognize the shape of large objects in the left inferior quadrants and the color of large test objects under 
low illumination in parts of the upper and lower quadrants of the left fields -of vision. 


in motion. Obviously, on sunny days his vision 
was poor.^ Later in. the stage of his recovery, 
he complained that the glossiness, luminosity or 
brightness of an object interfered with his visual 
recognition, or even with his “desire” to per- 
ceive the object. 

Since central vision was destroyed the patient 
was day blind. What vision he possessed seemed 
to function best with low illumination ; and since 
this condition is characteristic of the peripheral 
part of the retina, it confirrns the results of 
examination of the visual fields, namely, loss, 
of central Vision and retention of peripheral 
vision due to damage to the occipital cortex. 

4. This was also true of other patients with battle 
injuries of both occipital lobes. 


look at Stationary objects. He was under the 
constant impression that he perceived movement 
with his central fields of vision. Repeated 
examination, however, showed that he was 
totally blind in the central fields of vision and 
that ‘he appreciated movement . keenly in the 
peripheral fields- In fact, here he was able to 
perceive form and shape of objects delineated 
by movements. He recognized only geometric 
figures, letters or numbers when they were 
drawn in the peripheral visual fields. Often, 
he reflexly tilted his head and eyes so as to 
regard the moving object in question with his 
paracentral field of vision. 

Biologically,- appreciation of movement is one 
of the most primitive forms of visual functions 
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and one of the most essential features in the • 
vision of lower animals. It is a function par 
excellence of the peripheral portion of the retina. 
Our patient manifested all the physiologic func- 
tions of this part of the retina — in his case, the ^ 
peripheral “cortical retinad’ He had no central 
vision. It is apparent from this case that in man, 
too, appreciation of movement is well developed 
in the peripheral fields of vision, but his visual 
perception in general depends largely on recog- 
nition of form, a function of central vision. 

Perception of Form . — The power of identify- 
ing the form or shape of objects is based on 
visual acuity, experience and interpretation. 
Since visual acuity is highest in the central field 
of vision, it is obvious that appreciation of still 
objects is achieved mostly with the macula and 
least with the peripheral field of vision. Because 
our patient had no central vision, he did not have 
much perception of stationary objects. How- 
ever, he recognized the shape of familiar objects 
described in motion in the peripheral fields of 
vision. Thus, on the basis of experience and 
memory, he was able to interpret the form and 
shape of an object outlined by movement. He 
could not discern unfamiliar objects in this 
manner. In other words, the patient had per- 
ception of form with his peripheral vision, but 
only through the medium of appreciation of 
motion. 

As the central scotoma contracted, and the 
visual acuity improved, he learned to identify 
the size and shape of immobile articles. Thus, 
six months after the injury he guessed correctly 
the shape and color of a pencil exposed in his 
paracentral field of vision. After seven months 
he perceived, without too much difficulty, the 
shape of a 2 inch (5 cm.) square or circle and 
the letter H when presented in the left homon- 
ymous fields of vision, about 20 degrees from 
the fixation point. He failed when presented 
with unfamiliar drawings, such as Roman nu- 
merals or a mirror-imaged E. 

During the period of recovery he showed an 
interesting psychologic mechanism. He had a 
great tendency to fill in defects in his visual 
perception. Even when he had little vision and 
images were not clear, it seemed to him that 
he saw the whole object. Thus, when he was 
presented with a familiar article, he felt certain 
that he saw it completely and proceeded to de- 
scribe its gross shape, and even color. The 
description was frequently correct; but when 
he was confronted with an unfamiliar object, 
he failed in his endeavors. In fact, he did not 
even attempt to look at the exposed object. 
Evidently, the apparent appreciation of form 
was based largely on experience and meaning, 


and only partly on the acuity which was present 
in small islands in his peripheral field of vision. 
Psychologically, he, respected the fact that he 
could not see, and thus he avoided situations 
which would elicit his failures in vision. He 
tackled - only images which appeared familiar. 
What the patient’s symptoms demonstrated here 
was the principle of gestaltism, or that of appre- 
ciation of the form of an object as a whole by 
psychologic filling in of the defects of the per- 
ceived retinal image.® 

Perception of Color . — The patient had no 
color perception' until eleven weeks after the 
injury, when he began to guess at colors of very 
large objects. TJms, he. “thought” he saw a 
yellow pencil, declaring, “I believe I can see 
some color. I think I can -see the yellow in that 
pencil.” After that incident, he began to search 
for color by turning his head and eyes so as to 
fix with his peripheral fields of vision, and he 
noticed that he discerned color better under 
poor illumination. Thus, one night when a plane 
crashed, ’the patient claimed he saw the red glow 
of the fire. At first his appreciation of color 
was poor, and the only one ^H^ich he seemed to 
name correctly was red. Otherwise, everything 
appeared tp have a gray tone. However, he 
improved, .and five months after the injury he 
■ recognized red, green and blue neon signs. 
Plotted visual fields at this time disclosed an 
island of color vision in the right homonymous 
superior quadrants. He identified correctly red, 
blue and green 1 degree test objects at a distance 
of 27 cm. and under 3.5 foot candles of illumina- 
tion 15 degrees from the macula. 

Appreciation of colors is not a uniform func- 
tion of the retina. When the eye is light adapted, 
the extreme periphery of the retina is mono- 
chromatic, or color blind. This, however, is 
only relative. If the stimulus is feeble, color 
sensation is absent in all parts of the retina. 
If the intensity" of the light is increased, the 
field gradually extends until eventually most 
colors become apparent at the periphery. In a 
similar manner, variation of the area or size of 
the tested color objects influences the extent of 
the field for color vision. In general, color 
vision is less sensitive in the peripheral than 
in the central part of the fields in the light- 
adapted eye.® In our patient, the chromatic 
response in bright illumination was nil, an ob- 
servation seemingly contradicting the foregoing 
statements. However, it must be remembered 
that our patient was relatively da^ blind and 

5. Goldstein, K. : After-Eflrects of Brain Injuries 
in War, New York, Grune & .Stratton, Inc., 1942. 

6. Duke-Elder, W. S. : Text-Book of Ophthalmology, 
St. Louis, C. V. Mosby Company, 1938. 
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that his remaining vision depended on peripheral 
retinal function. Also, bright illumination or a 
glare produced a psychologic resistance to visual 
perception, .and thus it could not be determined 
with certainty whether the patient could or could 
not appreciate color in the light-adapted eye. 

Under conditions of dark adaptation color 
sensitivity is also greatest iii the macular region, 
but it falls off much more rapidly and is much 
more restricted toward the periphery. Of aft 
colors, sensitivity to red, however, extends to 
the ■ extreme periphery This should explain 
why our patient saw the red glow of a burning 
plane at night twelve weeks after the injury. 
In summary, it appears that the patient’s re- 
sponses to color stimuli were the responses ex- 
pected of a person with visual function limited 
to the peripheral field. 

Subjective Visual Phenomena . — As previous^ 
noted, the patient disliked to look at bright -ob- 
jects or illuminated areas. He claimed it was 
disagreeable and that it interfered with the little 
vision he possessed. ‘ Three months after the 
injury, he stated: “When I look straight ahead, 

I see heat waves rising in front of me. The 
waves seem to be directly before me. I cannot 
tell whether or not I see better with the side of 
my eyes. Sometimes it seems as if the sun were 
shining on ice, and little spots of moisture were 
rising.” He first noticed the appearance of these 
waves soon after ‘^foggy vision” began to im- 
prove. Subsequent observations by the patient 
disclosed that he saw these “moving heat waves,” 
or “radiations,” every time he gazed at a bright 
background." The more intense and brighter the 
sun, the more vivid were the emanating waves 
before him. The rate of radiation of the “heat 
waves” seemed to increase with the luminosity of 
the background. With this increase in radia- 
tion there was a decrease in visual perception 
of objects in his surroundings. The patient 
stated: “The more sunlight there is, the thicker 
and denser the waves and the greater the haze 
before me. Increased light makes the radiations, 
which seem to go upward in a spiral, move faster. 
These waves are made up of circles all mixed 
up and moving in all directions, but they seem 
to be going chiefly upward.” 

What this patient described were phenomena 
of entoptic vision. It is well known that if a 
brightly illuminated surface, such as the sky or a 
fluorescent screen, is regarded by the normal 
subject, a great number of small, bright dancing 
spots appear on a relatively dark background, 

7. Other men with bilateral lesions of the occipital 
lobe had similar subjective visual phenomena. One of 
them had such sjwptoms even with the eyes closed. 


shooting upward, darting rapidly along a cir- 
cuitous path and disappearing as abruptly as 
they come. According to one theory these 
images are due to visibility of red blood cor- 
puscles, or tlie spaces between them, moving 
through the capillaries. 

About five months after the injury, the patient 
.remarked that when he looked at an object 
directly before him, it tended to wax and wane ; 
he declared: “The object fades quickly and 
becomes somewhat clearer in a short time. 
When it fades, it becomes grayer. When it 
gets clear, it appears darker gray and less foggy.” 
When the patient fixed on an object, such as a 
large pencil, in ordinary room light, he described 
periodic variations in the perceptible visual acuity. 
This fluctuation in visual perception is a normal 
phenomenon and may be easily demonstrated 
under certain conditions.® It is more evident 
with. threshold stimuli. 

Orientation of Field of Vision. — Psychologi- 
cally, the patient showed an interesting phe- 
nomenon, that of persistent displacement of the 
perceived image from the seeing peripheral to 
the nonseeing central field of vision. Through- 
out his period of convalescence the patient felt 
that he perceived objects in space, although not 
clearly, just as he always had prior to the injur3^ 
He insisted he saw objects directly before him 
with the central parts of his fields of vision. 
It was difficult to convince him that his central 
fields were totally blind. He was unable to 
detect the blind areas when he viewed articles or 
people before him, and it seemed that he made 
no effort to search for the scotomas. Everj'-thing 
before him seemed to be of uniform visual in- 
tensity. In gross tests, a large central absolute 
scotoma could be elicited in each eye. This was 
demonstrated to the patient on repeated occasions 
throughout the period of convalescence, but only 
with great reluctance did he accept the fact that 
there was no vision in this zone. In spite of this 
admission, six months after the injury, he still 
declared, “I cannot see any black spot or blind 
area before me. I still do not believe I am blind 
in the center, though you proved it to me. 
People tell me I move my eyes around when I 
try to look at things; so I must be using the 
side of my eyes, but even then it is hard to 
believe.” 

This is a type of disturbance in space percep- 
tion in which the localization of an object is 
relative ; the perception of a point in the sub- 
jective visual space is relative to the fixation 
point. A patient with scotoma has his visual' 


Weak Visual Stimuli, Am. J. Psychol. 38:534-583, 192( 
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fields psychologically organized in the same man- 
ner as has a normal person. As Kliiver put it: 
“There is a Tight’ and 'left’ side, and ‘above’ 
and ‘below’ and a special center which is ‘straight 
forward’ or ‘just before me’ ” in the remaining 
field of vision. The special center is in the per- 
ceptive zone and determines the subjective 
median point, whereas the objective median point 
may lie in the blind field. However, in our 
patient the subjective median point was pro- 
jected psychologically into the blind field because 
there was no zone of remaining vision which had 
the power to perceive form or to hold his atten- 
tion. He was unable to establish a pseudofovea, 
that is, a fovea in the functional sense, until he 
could appreciate size and shape of objects with 
a part of the residual field of vision. When 
such restitution became manifest, seven months 
after the injury, he formed a new center of dis- 
tinctness, or a new ' functional fovea, and he no 
longer projected his subjective median point into 
the blind macular area. His psychologic field 
of vision became reorganized about the new 
functional macula. Interestingly, when a new 
functional fovea was formed, he could be con- 
vinced that he was using his peripheral vision, 
and he finally admitted that people “must have 
been right” when they told him he was moving 
his “eyes around in looking at things.” In other 
words, not until his psychologic field of vision 
was reorganized did he relinquish his old pattern 
of vision. 


SUMMARY 

1. A patient with bilateral lesions of the occip- 
ital lobe showed a series of visual disturbances 
due to 'loss of centra!! vision in each eye. After 
he had been completely amaurotic, vision re- 
turned ,in the peripheral fields, and restitution 
continued to take place medially, terminating in 
bilateral large central scotomas. During his 
period of recovery he had good perception of 
motion, defective color vision, little appreciation 
of form and ability to see best in the dark or in 
low illumination, all visual functions character- 
istic of -the peripheral portions of the retina (in 
this case the peripheral “cortical retina”). 

2. The patient also manifested (ff) the normal 
mechanism of psychologic filling in of visual field 
defects, thus perceiving objects as a whole; (&) 
retention of his psychologic field of vision about 
a subjective central point in a blind area, which 
made it difficult for him to realize that his central 
vision was .lost; (c) reorganization of his psy- 
chologic field of vision when a new functional 
fovea was formed ; (d) entdptic phenomena, with 
visualization of emanating “waves” and (r) 
fluctuatibn of, perception in the remaining field 
of vision. 

3. Opticomotor nystagmus was induced by 
having a striped drum revolve in his peripheral, 
but not in his central, fields of vision. Five 
months after the injur}’^ ■ after-imagery could 
not be elicited with a light stimulus placed in 
any part of the field of vision. 
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Putnam and his co-^vorkers ^ were the first to 
call attention to the importance of local circula- 
tory disturbances caused b}' venous obstruction, 
and they demonstrated clearly its significance in 
cases of disseminated sclerosis. Putnam has 
approached the subject from many dififerent 
avenues and has established important data ex- 
tending far beyond the problem of pathogenesis 
of multiple sclerosis. It is surprising how few 
histopathologic studies concerning the altera- 
tions of the venous circulation in the brain are 
available. Several aspects of the morphologic 
characteristics of venous thrombosis and its 
pathogenesis remain obscure. One needs par- 
ticularly to know more of the earty stage of the 
pathologic process. 

It is the purpose of this -presentation to report 
observations in a series of cases in which throm- 
bosis was confined to the smaller veins and capil- 
laries and to discuss the pathogenesis of the 
lesions. Special attention will be paid to the 
earliest manifestation of the pathologic process 
and to the relation to “vasoparalysis of the 
central nervous system/’ a recently described 
vascular syndrome.^ 

REPORT OF TWO ILLUSTRATIVE CASES 

Case 1. — A Negro -woman aged 23 was first admitted 
to -the Cincinnati General Hospital on Sept. 6, 1938, 
with the following history ; She was in excellent health 
until three days prior to admission when coincident 
with the onset of menstruation,' she noticed tingling 
and numbness in both lower extremities. Two days 

From the Laboratory of Neuropathology, Cincinnati 
General Hospital, and the University of Cincinnati 
College of Medicine. 
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later she complained of weakness of the left half of 
her body and was not able to raise her left leg off 
the ground. She noticed that- objects slipped from her 
left hand and that her • grip w'as w'eak. On walking 
she tended to fall forward and would occasionally 
stumble in . going up the stairs. On the morning of 
the day of her admission to the hospital she fell out of 
bed twice and noted altered sensation in the left half 
of her bodj' and numbness and tingling in her left 
upper extremity'. 

The only abnormal findings on examination at the 
time of admission were those associated wdth left hemi- 
paresis. There was moderate to -pronounced weakness 
of all movements of the left extremities . and of the 
lower portion of the left side of the face. The re- 
sistance of the left extremities to passive movement 
■was increased slighth% The patient reported that pin- 
prick w'as better perceived on the right side of the 
face and trunk and the right extremities tlian on the left 
side, and that pinprick on the left side felt definitely 
abnormal and “stingj'.” The left corneal reflex was 
reduced slightly. The deep reflexes were hyperactive, 
the exaggeration being slightly greater on the right 
side than on the left. The left abdominal reflexes tvere 
absent. The left plantar responses were of extensor 
type. 

The pulse rate ranged around 90 per minute. The 
blood pressure w'as 138 systolic and 76 diastolic. The 
cerebrospinal fluid was completely normal ; the Kahn 
■ reaction of the blood was negative. Examinations of 
the urine, stool and blood gave normal results. An 
electrocardiogram w'as interpreted as indicative of myo- 
cardial damage. 

The patient remained in the hospital until September 
10. Strength in the left extremities increased slightly 
during the five days in the hospital, but she never w^as 
able to walk wdthout assistance, and she dragged her 
left foot along the floor. 

The family noted that she was never able to return 
to work after her discharge from the hospital, on 
September 10, since the entire left side remained paretic. 
She could move her fingers and her left leg, but she 
could bear no weight on the latter; when she stood 
she had to hold on to something. In late October her 
left great toe would go into spasms of dorsiflexion and, 
according to the relatives, caused the patient considerable 
pain; she would scream during these episodes. 

For a few days before her readmission to the General 
Hospital, in early November, she was delirious. The 
weakness, which had been limited to the left extremi- 
ties .and the left side of the face, spread to involve 
the right limbs a week or two before the readmission. 
She became unable to feed herself; and, though she 
could move the fingers slightly, she could not use her 
hands and was unable to lift either arm off the bed. 
About November 1 she became incontinent of stool and 
urine. She was readmitted to the hospital on Novem- 
ber 5. At this time she was relatively unresponsive, 
171 
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listless and dull. She seemed to recognize that ques- 
tions were being asked and tried to answer, but_ she 
usually ended with stereotyped exclamations. At titnes 
she answered questions, but to most she gave frag- 
mentary responses, and these were stereotyped ; on some 
occasions she was considered to be aphasic. Speech 
was slurred Sometimes she broke into laughter on 
being questioned. There was increased tone in all the 
extremities, particularly on the left side. She was 
occasionally able to move one extremity or the other, 
and it was determined that all the extremities were 
considerably weakened. There was ' weakness of the 


ation, with a rate of 44 and an accompanying pulse 
with a rate of 140 per minute, made its appearance on 
November 11. .Thereafter the temperature and respir- 
atory rate, which had been relatively normal, rose 
steadily, and the patient refused nourishment. The 
neck and trunk became rigid. She was noisy at times 
and stuporous at others. After November 11 fluids had 
to be administered parenterally. She continued in an 
extremely precarious condition until November 16, 
when frequent convulsions were noted. Signs of lobular 
pneumonia made their appearance four or five days 
before death. She became comatose on November 13 



Fig. 1 (case 1). — Tremendously distended small vein, with signs of stasis. Note the beginning degeneration of 
the vessel wall and the early stage of edema and rarefaction of the surrounding tissue. Hematoxylin and eosin 
stain; X 225. 


right lower part of the face. She could not sit up 
without support. It was practically impossible to test 
sensation. The deep reflexes were hyperactive. The 
abdomiftal reflexes were absent. There was bilateral 
forced grasping. The Hoffmann responses were ob- 
tained bilaterally, and the plantar responses were 
extensor, more obviously so on the left side. 

^ On November 8 the patient used the correct words in 
singing songs, and she was able to move her upper 
extremities fairly well. For the most part her extremi- 
ties rested m flexbn and were spastic. Attempts to 
straighten a flexed extremity resulted in moans. Drool- 
ing of saliva was occasionally noted. Stertorous respir- 


and cyanotic on November 15, at which time she w'as 
placed in an oxygen tent. She died on November 17, 
seventy-four days after the initial symptoms of her ill- 
ness. 

Autopsy . — The pathologic changes, .exclusive of the 
lesions in the nervous* system, were lobular pneumonia 
and fatty infiltration of the liver. 

Examination of the nervous system was limited to 
the brain. The subarachnoid membrane showed slight 
brownish discoloration and moderate thickening. The 
mtoinges at the base were not remarkable The con- 
figuration of the circle of Willis was normal, and the 
vessels did not disclose any gross alterations. 
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Coronal sections throughout the brain displayed 
obvious displacement of the ventricular system from the 
left to the right and widening of the white matter. The 
left cerebral hemisphere measured 7.2 cm. from the mid- 
point of the corpus* callosum to its surface; the cor- 
responding measurement for the right hemisphere was 
4.9 cm. The basal gaiTfelia on the left side appeared 
almost twice the size of those on the right. There was 
evidence of an intense and generalized congestion 
associated with numerous small petechial hemorrhages, 


1. Vascular lesions. These consisted in maximal 
dilatation and congestion 9 f the capillaries and small 
veins ; they were engorged with blood and showed all 
the signs characteristic of vasoparalysis (fig. 1). In 
addition, many of the smaller blood vessels revealed 
degenerative changes or complete necrosis of the vessel 
wall, with increased permeability for serous fluid and 
fed blood cells. 

The most striking manifestation of the circulatory 
disturbances was the’ piesence of early stages of throm- 



_ Fig. 2 (case 1). — Small vein completely occluded by a blood clot composed of large masses of platelets mixed 
with white blood cells and curved strands of fibrin. Note the tissue disintegration of the nerve parenchyma. 
Hematoxylin-eosin stain ; X 225. 


throughout both the white and the gray substance, par- 
ticularly noticeable in the swollen left hemisphere. 

Microscopic Examination. — Sections were taken for 
survey from several areas of the gray and the white 
substance of both hemispheres and from the midbrain, 
pons and medulla. All sections were stained with 
hematoxylin and the Van Gieson stain, phosphotungstic 
acid hematoxylin, the Loyez stain for myelin sheaths 
and the Bodian 1 per cent strong protein silver method. 

Histologic examination disclosed (1) vascular lesions 
and (2) alterations in the nerve tissue proper. 


bus formation, as illustrated in figures 2 and 3. The 
lumens of numerous small veins were complete!}' 
occluded with blood clots, composed of curved strands 
of fibrin mixed with large masses of platelets and 
white blood cells. In some of the veins the clot seemed 
to be slightly attached to the intima. The vessel wall 
appeared well preserved except for slight loss of stain- 
ability of its cellular elements. Some of the veins 
contained only a relatively small number of fibrin 
threads, numerous platelets and a large mass of granu- 
lar debris formed by broken-down white blood cells. 
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Late stages of tlirombosis, such as organization with 
connective tissue, could not be seen. These various 
vascular lesions were noted throughout scattered areas 
of -the brain and were more noticeable in the pial 
veins and the small vessels of the cortical ribbon, 
though present also in the subcortical white matter of 
the left hemisphere. 

2. Changes in the nerve tissue proper, secondary, I 
believe, to the circulatory disturbances, consisted mainly 
of widely disseminated areas of softening involving the 


large veins. The cortex of the softened area showed 
several layers; First, there was a layer of dense glial 
reaction occupying the molecular zone, which was 
densely filled with glia cells, mostly astrocytes with 
large protoplasmic bodies and many processes. Some 
large veins perforated this layer. The entire deeper 
part of the cortical ribbon tVas completely . destroyed 
and replaced by a large number of fatty granule cells 
and newly formed capillaries. The larger perforating 
vessels disclosed signs of stasis and were occasionally 



Fig. 3 (case 1). — Thrombosed vein surrounded by an area of tissue edema and necrosis. The blood clot is 
formed by a large mass of granular debris, fibrin threads and platelets. 


cortical ribbon and the white substance. A typical 
picture of the distribution of the lesions in the cortex is 
showm in figures 4 and 5. As can easily be seen, the 
areas of softening occupied the entire depth of the cor- 
tical gray matter. Most of the lesions stopped abruptly 
before the subcortical white matter rvas reached ! in a 
few instances the latter w'as involved to' a slight 
extent. Occasionally there w'ere small, disseminated 
foci of softening in the white matter. The pia over- 
lying the large cortical lesions was not thickened. It 
contained a great number of tremendously congested 


surrounded by thick sleeves of gitter cells. The proc- 
ess described was to be seen in almost all sections 
taken from several areas of the frontal, the 'parietal 
and the temporal cortex. In many instances the -foci 
of softening were chiefly limited to one cortical layer, 
mostly the third. Many of the foci were circumscribed 
and small. The majority of the small foci suggested a 
perivascular distribution. In the central part of the 
lesion one or more small veins showed changes typical 
of vasoparalysis (fig._ 6). In addition, there -were 
disseminated areas of circumscribed glial scar formation 
(fig. 7). 
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Examination of the subcortical white matter disclosed 
changes typical of far advanced edema. The tissue 
showed an alveolar, sievelike- appearance, with forma- 
tion of numerous large vacuoles separated from one 
another by thin trabeculae. In some an early stage^ of 
tissue liquefaction could be seen. The nerve, tissue 
appeared cellular because of the increase of swollen 
oligodendroglia cells. Most of the swollen glia cells 
showed regressive changes in the form of ameboid 
transformation. -The bodies of some of the cells showed 
increase in size and conspicuous degeneration associated 
with a typical picture of clasmatodendrosis, indicative 


Swmuary . — ^The most striking feature in this 
case consisted of numerous, diffusely circum- 
scribed areas of softening scattered throughout 
the central nervous system. The lesions were 
characterized histologically by a patchy distribu- 
tion and by an ischemic type of tissue destruc- 
tion. These features suggest . that the lesions 
were of circulatory origin, although there were 
no demonstrable structural changes in the vessel 



^Tx 35^^^ disseminated area of softening involving the cortical ribbon. Hematoxylin-eosin 


of a far advanced destructive process. In addition, 
rnany veins and capillaries were tremendously distended’ 
displaying the characteristic signs of stasis. ' 

Sections taken from the deeper parts of the centrum 
semiovale exhibited a diffuse swelling of all tissue ele- 
ments. In addition there was a slight degree of tissue 
rarefaction. The swelling of the nerve fibrils is illus- 
trated in figure 8. There were many transitional areas 
between the relatively early stage of swelling of the 
brain and the more advanced changes’ described as 
edema. 


wall in the^ related meningeal and cortical ves- 
sels. ^ Within the focal lesions the blood vessels 
disclosed a far advanced stage of vasoparalysis, 
alternating with early stages of thrombus forma- 
tion. 


^ wiiiLc man agea 0.5 was admitted to 1 
hospital on June \ 1943, with the complaint of slh 
clumsiness of the right arm,' incoordination in walki 
and some delay and thickness of speech. Little in t 
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past history appeared to be relevant. Several weeks 
before his entrance to the hospital he misstepped in 
going downstairs and jarred himself rather severely. 

On admission the temperature was 98 F., the pulse 
rate 68, the respiratory rate 19 and the blood pressure 
220 systolic and 110 diastolic. Neurologic examination 
revealed that he was well developed and well nourished, 
but obviously dysphasic. His speech rambled, and 
he used improper words at times. He followed verbal 
commands fairly well. He had difficulty in reading 
headlines but was able to write to dictation fairly well 


clonus bilaterally, and a questionable Babinski sign 
was elicited on the right. No abnormalities of coordi- 
nation were detected. All forms of sensation, including ' 
position and stereognostic senses, were normal. 

A lumbar puncture was performed on June 6. The 
initial pressure was 75 mm. of water; the Huid was 
clear and colorless and contained 3 lymphocytes per 
cubic millimeter and no red cells. On October 12 the 
patient died. 

Autopsy. — Autopsj' wa? performed two and a half 
hours after death. The pathologic conditions exclu 5 i\e 



_ Fig 5 (case 1 ) — A large area of cortical softening. Note the large number of congested and partlj occluded 
veins. Loyez stain for myelin sheaths; X 45. 


Auscultation of the head revealed nothing significant 
There was no evidence of head injury The visual 
fields and fundi were normal. The pupils were equal, 
each measuring 3 mm , and reacted well to * light. 
Extraocular movements were normal. There was slight 
ptosis of the right eyelid The corneal reflexes were 
actue bilaterallj. There was definite weakness of the 
right side of the face. The appearance of the pharynx 
and tongue was not remarkable. 

klotor power of the right arm and leg w^as decreased. 
All deep reflexes were hyperacti\e; there w'as ankle 


of the lesions in the neivous system were focal myocar- 
dial fibrosis and terminal pulmonary congestion 
Examination of the nervous system was limited to 
the brain, wffiich weighed 1,350 Gm All the superficial 
veins showed diffuse congestion. The blood vessels at 
the base had a normal distribution and exhibited a 
moderate degree of arteriosclerosis. Coronal sections 
through both hemispheres displayed numerous, diffusely 
scattered areas of tissue destruction, involving both the 
w'hite and the'gra}' matter. The medulla and the pons 
appeared normal. 
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Microscopic ExaiuhiatioiK — In general histologic ex- 
amination of sections taken from various areas of 
both hemispheres confirmed the gross observations and 
revealed changes were almost identical with' those 
described in the first case. The greater part of the 
cortical ribbon was “moth eaten” with numerous small 
areas of tissue softening. These lesions varied -in size 
and shape; many of tliem were small perivascular foci 
restricted to an area surrounding a small vein or a 
group of capillaries (fig. 9). Others were somewhat 
larger, involving almost an entire convolution. At 
times they coalesced and thus assumed a pseudolaminar 


In almost all lesions the small blood vessels (chiefly 
veins) and capillaries were conspicuous because a tre- 
mendous degree of stasis and early stages of thrombus 
formation were present. The vascular changes were 
almost identical with those described in the first case; 
their detailed description will therefore be omitted. 
They are illustrated in figures 9, 10, 11 and 12. 
It is of interest, howevbr, to note that thrombus forma- 
tion was most frequently observed in lesions in which 
early changes were present; they were seldom seen in_ 
older lesions characterized by glial scar formation. 
The vessel wall of the smaller blood vessels did not 



pattern; they produced an irregular mottled, distorted 
appearance of the cortical ribbon. 

The histologic details were not quite uniform in all 
the lesions. In figure 10 is shown an area of circum- 
scribed tissue destruction in which the entire nerve 
parenchyma was transformed into a large accumulation 
of fat granule cells. In sections stained with scarlet red, 
large lipid deposits were seen within the fat granule 
cells and in' the perivascular tissue. 

While these lesions represented the most frequent 
type of tissue destruction, focal areas of gliosis were 
diffusely scattered throughout the gray and the white 
matter. These areas were characterized bv an accumu- 
lation of astrocytes and represented glial scar formation. 


^soiuse any signs aii uigainc vascular proce< 
Only very few of the larger blood vessels revealed 
moderate degree of arteriosclerosis. 

The' leptomeninges were slightly thickened and di 
tended and contained red blood cells and gitter cell 
The pial blood vessels were distended and engorg. 
^ylth blood and were surrounded with large accumul; 
normaf blood. Their vessel walls appean 


SUMMARY OF PATHOLOGIC CHANGES 

_ The microscopic changes in both cases con- 
sisted of widely disseminated areas of softening- 
usually perivascular in distribution. The areas 
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of tissue destruction were characterized by almost 
complete transformation of the nerve parenchyma 
into compound granule cells harboring lipids and 
blood pigment. It should be emphasized that 
lack of structural changes in the vessel wall 
formed a striking feature of the -histologic 
process. - Neuropathologists will recognize at 
.once that the disseminated lesions corresponded 
in all their details with lesions which are con- 


smaller veins and capillaries. As has been 
demonstrated in illustrations, many of the smaller 
blood vessels were tremendously dilated and com- 
pletely occluded with curved strands of fibrin 
mixed with large accumulations of platelets. In 
addition to the venous occlusion, histologic 
examination revealed in both cases a definite type 
of vascular alteration, which has been recently 
described under the heading of vasoparalysis.- 



Fig. 7 (case 1). — Small area of tissue softening, with an early stage of glial replacement. Note the congested 
veins, with signs of vasoparalysis. Hematoxylin-eosin stain; X 135. 


sidered characteristic of softening of the brain The morphologic criteria for this vascular syn- 

tissue, of vascular origin, as frequently observed drome were listed as f ollotvs : ( 1 ) maximal dis- 

in cases of thrombosis due to arteriosclerosis, tention and engorgement of the smaller veins 

syphilis or other organic vascular disease. At- and capillaries, (2) signs of stasis, consisting in 

tention is called to the striking fact that none of hemolysis of red blood cells, (3) degenerative 

ah the commonly known factors producing changes or complete necrosis of the vessel wall, 

thrombosis could be detected. The predominant with increased permeability for serous fluid and 

vascular alterations consisted in congestion, stasis red blood cells and (4) distention of the peri- 

and vasoparalysis and were associated with vascular spaces, which usually contain extrav- 

thrombus formation, chiefly'- confined to the asated serous fluid and red blood cells. 
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DIFFERENTIATION OF THE VASCULAR ALTERA- 
TIONS IN THIS SYNDROME AND THOSE IN 
ACUTE VASOPARALYSIS 

111 Spite of the morphologic resemblance of ’ 
the reported changes to the alterations described 
as characteristic of acute vasoparalysis, there 
were indications that some differences exist 
between the two conditions. These may be snm- 


trated in figures 2, 3, 11 and 12. Whereas 
the alterations in the nerve tissue in the cases 
of acute vasoparalysis consisted mainly of scat- 
tered small areas of petechial hemorrhages and 
edema, in the present cases they were repre- 
sented by disseminated foci of tissue destruction 
consisting of recent and old areas of softening. 
The presence of these small foci of tissue necrosis 


Fig. 8 (case 1). — Pronounced swelling of the axis-cylinders and tissue rarefaction. Bodian method of silver 
impregnation ; X 225. 



marized as follows: In cases of acute vaso- 
paralysis an increased permeability of the vessel 
wall for serous fluid and red blood cells, resulting 
in multiple petechial hemorrhages and edema, 
I was the most striking and the predominant 

i feature. In the vascular lesions in the cases 

reported here these changes were observed only 
occasionally and were of no great significance. 
The most striking feature was the presence of 
; thrombus formation in many of the tremen- 
dously distended veins and capillaries, as illus- 


contiguous to the occluded veins and capillaries 
indicates that these tissue changes were secon- 
dary to the vascular alterations. 

From these points of differentiation it seems 
proper to conclude that the vascular alterations 
under discussion should be -separated from the 
vascular lesion^ of acute vasoparalysis as a spe- 
cial vascular s3mdrome, under the heading of 
“vasothrombosis of the central nerve system.” 
It should be emphasized, however, that the I'aso- 
thrombosis must be considered as a late sequela 
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of acute vasoparalysis. Both vascular syn- 
dromes, the acute vasoparalysis and the vaso- 
thrombosis, are phases of the same morbid 
process. The difference in their morphologic 
features can probably be explained by the dif- 
ference in the duration and severity of the same 
morbid process. 

DEFINITION OF VENOUS THROMBOSIS 

The list of investigators who have discussed ■ 
the significance of venous occlusion in dissemi- 


It is my impression that a great deal of con- 
fusion is created by the lack, of a clearcut defini- 
tion' of the morphology of thrombosis. . This is 
particularly true With respect to the thrombotic 
occlusion of smaller blood vessels, especially 
veins. Most descriptions in the textbooks are 
based on the’ study of thrombosis of large ar- 
teries. The morphologic feature characteristic 
of the- occlusion of small venules is not com- 
patible with the generally accepted conception 



Fig. 9 (case 2). — A small area of softening in the vicinity of a vein displaying an early stage of occlusion. Henia- 
toxylin-eosin stain ; X 165. 


nated sclerosis is long. There is no need to give 
in detail the controversy concerning this prob- 
lem. My personal experience and point of Anew 
have been reported elsewhere.® ' 

3. Scheinker, I. 2\I. ; Histogenesis of the Early 
Lesions of Alultiple Sclerosis: Significance of trascnlar 
Cha-nges, Arch. Neurol. & Psvchiat. 49:178 (Feb.") 
1943. 


of thrombosis of the larger , arteries. The con- 
sensus among pathologists is that a pathologic 
state of the vessel Avail caused by arteriosclerosis, 
syphilis or other pathologic process is necessary 
for the formation of a thrombus. This might be 
correct .for the thrombotic occlusion of the 
smaller veins. The obserA'ations reported in this 
study, as Avell as those described by Putnam,^ 
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have demonstrated the occurrence of venous oct 
elusion in healthy blood vessels. Recent inves- 
tigations made by Stuber and Lang ^ have indi- 
cated that the production of certain chemical 
changes in the blood may cause clotting in in- 
tact blood vessels.' 

What are the morphologic criteria of venous 
thrombosis? In the older literature on throm- 


arteriosclerosis, syphilis or other organic lesion, 
is the main factor in the origin of arterial throm- 
bosis. The injured intima facilitates the ad- 
herence of the blood clot to the arterial wall in 
the very ’beginning of the process. In venous 
occlusion the thrombus formation usually takes 
place in healthy vessels with a well preserved 
endothelial lining of the lumen. Under these 



Fig. 10 (case 2). — Circumscribed area of tissue softening, with a large accumulation of fat granule cells. Note 
the tremendously distended and occluded vein. Hematoxylin-eosin stain ; X 135. 

bosis the chief criterion of a thrombus was the circumstances adherence of the clot to the vessel 

presence of an organized blood clot adherent wall cannot be expected, at least not in the early 

to the vessel wall. This definition is not appli- stage. It is therefore my impression that the 

cable to venous occlusion, for the following mere presence of clots of an amorphous mass of 

reason: As has already been stated, it is gen- agglutinated red blood cells- associated with a 

erally admitted that injury to the intima, that is, large accumulation of platelets and large curved 

a pathologic state of the vessel wall caused by strands of fibrin whi’ch plug completely the lumen 

4. Stuber, B., and Larig. K.: Die Physiologie und an enormously distended small venule or capil- 
Pathologie der Blutgerinnung, Berlin, Urban & lary is suthcient evidence of venous thrombosis. 

Schwarzenberg, 1930, pp. 74-78. If these changes are associated with secondary 
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lesions of the adjacent nerve tissue, typical of The fact that in my cases thrombus formation 

vascular occlusion and perivascular in distribu- was observed mainly in eaily lesions and was 

tion, there is little doubt that the venous occlu- seldom seen in foci of gliosis seems to cor- 

sion ought to be regarded as thrombotic. Such roborate this conclusion. The same observation 

alterations can scarce!}'’ be confused -Avith clot was made in a study of 20 cases of disseminated 

formations after death. • ' sclerosis.^ Venous occlusion was seen only in 

Of great theoretic and practical interest is the the , early lesions ; it was usually absent in the 

problem of subsequent development of venous older, sclerotic plaques. It is therefore quite 

thrombosis. In cases of arterial occlusion it is conceivable that the existing controversy con- 

quite evident that within a few days or less cerning the presence or absence of venous occlu- 



Fig. 11 (case 2). — Occlusion of a distended vein with agglutinated platelets, fibrin and blood pigment. Note 
. the disintegration of the surrounding tissue. Hematoxyhn-eosin ; X 165. 


definite signs of organization can be expected; 
gradual transformation into a fibrous plug, with 
or without final recanalization, is the usual end 
stage of an arterial thrombus. What is the 
subsequent development of a venous thrombus'? 
According to Putnam,^ it is conceivable that 
thrombosed small v'eins may after a certain 
period disintegrate completely, redissolve and be 
no longer recognizable. Experimental evidence 
for such a possibility has been given by Kusama.® 

5. Kusama, S. ; Ueber Aufbau und Entstehung der 
toxischen Thrombose und deren Bedeutung, Beitr. z. 
path. Anat. u. z. allg. Path. 55:459, 1913. 


sion in cases of disseminated sclerosis is based 
on the fact that the conclusions of most of the 
investigators were drawn from observations on 
old, sclerotic plaques, where the previously 
thrombosed veins were possibly disintegrated 
and. no longer recognizable. 

TENTATIVE EXPLANATION OF THE PATHOGENESIS 
OF VENOUS OCCLUSION 

The present study has brought out the fact 
that thrombus formation may develop in healthy 
blood vessels in which there is no indication of 
a primary cause of thrombosis in the vessel wall 
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itself Thus it would appear that the'patho- first to demonstrate in a series of experiments 
crenic mechanism might be expected to be present' that thrombosis sufficient to close the vessel oc- 
hi the blood stream. What conditions in circu- curred only in the presence of a very weak 
latino- blood itself or in the blood flow may’ lead stream ; in a stream of normal speed only a 
to venous thrombosis? Partial “separation” of the blood took place. 

> \ccording to Putnam,^ the primary abnormal Ebeith and Schimmelbusch, repeating the 
factor in venous occlusion in cases of multiple experiments of Zahn, concluded that mechanical 
sclerosis is to be sought in the clotting mecha- changes in the blood stream are as essential for 
nisni of the blood. thrombosis as is injury to the wall of the blood 

It is my impression that the decrease in the vessel. Beneke,® observing the streaming blood, 
rate of cerebral circulation ought to be con- emphasized that when partial obstruction is pro- 
sidered one of the principal factors which gen- duced in the blood stream, there is developed 



Fig. 12 (case 2) .—Occlusion of a vein, with a large number of curved strands of fibrin. Phosphotungstic acid 
stain; X 16 S. 


ei'ally favor the occurrence of venous occlu- 
sion. As has been brought out in previous 
papers, the state of vasoparalysis is always asso- 
ciated with extreme dilatation of the smaller 
veins and with signs of stasis characterized by 
hemolysis of the red blood cells. Thus, the 
tremendous vascular distention, together with a 
considerable slowing down of the blood flow, 
is apparently the most frequently observed fac- 
.. tor contributing to the formation of venous 
thrombosis. 

In support of this ' conception the following 
; points may be marshaled : Zahn ^ was one of the 


peripheral to the obstruction a small whirlpool. 
Into this platelets are collected and held. The 
same phenomenon was observed when there was 
a sudden widening of the blood stream. 

6. Zahn, W. : Untersuchung fiber Thrombose : 
Bildung der Thromben, Virchows ’Arch. f. path. Anat 
62:81, 1875. 

7. Eberth, J. C, and Schimmelbusch, C. : .Experi- 
mentelle Untersuchungen fiber Thrombose, Virchows 
Arch. f. path. Anat. 53:39, 1886. 

8. Beneke, R., in Krehl, L., and Marchand, F. : 
Handbuch der allgemeinen PatHologie, Leinzie- 
S. Hirzel, 1913, vol. 2. 




ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


From these experimental data one may con- 
clude that the formation of a thrombus in smaller 
veins may be considerably favored by partial 
immobilization of the blood stream. 

SUMMARY 

1. In 2 cases in which the smaller veins and 
capillaries were filled with blood clot the occlu- 
sion is interpreted as being due to local slowing 
down of the circulation. 


2. Tfie earliest manifestation of the pathologic 
■process is vasbparalysis of the central nervous 
system. 

3. -The venous occlusion is apparently a late 
sequel of a prolonged state of vasoparalysis. 

4. “Vasothrombosis” and vasoparalysis are to 
be considered phases of the same morbid process. 
The difference in their morphologic features can 
be explained by the difference in the duration 
and severity of the pathologic process. 

Cincinnati General Hospital. 


POLYRADICULONEURITIS WITH ALBUMINOCYTOLOGIC DISSOCIATION 

PATHOANATOMIC REPORT OF THREE CASES 
K. LOWENBERG, M.D., and D. BERNARD FOSTER, M.D. 

' ANN ARBOR, MICH:. 


A multiple neuritis of unknown origin char- 
acterized by its frequent association with infec- 
tion- of the respiratory tract, increased protein 
in the spinal fluid' without an increase in the cell 
content, frequent involvement of cranial nerves 
and a benign course was described by Guillain, 
Barre and Strohl ^ in 1916. The clinical dis- 
tinction between this syndrome and other neurit- 
ides, frequently designated as Landry’s paralysis 
(acute ascending myelitis), peripheral neuritis 
with facial diplegia, acute infectiye polyneuritis, 
acute febrile polyneuritis, infective neuronitis, 
acute ascending paralysis and myeloradiculitis, 
is not sharply defined (De Jong-). 

No pathologic anatomy was described either 
in the original or in subsequent observations of 
Guillain,® who insisted on a uniformly favorable 
outcome as an essential diagnostic criterion. . 
However, pathoanatomic reports with emphasis 
on the peripheral nervous system are available 
of the same disease, or at least of closely allied 
disorders, but little is known of the condition of- 
the central nervous system. AVe wish to report 
3 fatal cases of this illness with extensive changes 
in the spinal cord and brain stem. 

REPORT OF CASES 

Case 1. — W. N., a man aged 22, a factory worker, had 
a sudden onset of severe abdominal pain with nausea 
and vomiting on Oct. 18, 1941. These symptoms were 
interpreted as those of appendicitis. However, appen- 
dectomy failed to bring relief; four days later, with 
spinal anesthesia, the entire abdominal cavity was ex- 
plored, without evidence of any abnormalities. Roent- 

Read at the Seventieth Annual Meeting of the 
American Neurological Association, New York, May 
20, 1944. 
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psychiatric Institute, and the Department of Neurolog 3 ', 
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genographic, and bacteriologic examinations of the gas- 
trointestinal tract revealed nothing significant. The 
abdominal symptoms disappeared gradually. Five weeks 
later there developed a sore throat, followed by pain, 
weakness and numbness of all four extremities and 
rapid progression to complete tetraplegia. There were 
also transient hoarseness and weakness of the muscles 
of the left side -of the face,- with inability to close the 
eye. The patient was admitted to the hospital ten weeks 
after onset of the symptoms. 

'Examination. — There were bilateral paresis of the 
muscles of mastication; bilateral facial palsy of periph- 
eral type, more pronounced on the left side; unilateral 
paresis of the recurrent larjmgeal nerve; paresis of the 
tongue; mild dysphagia, and complete flaccid tetraplegia, 
with advanced muscular atrophy in all four extremi- 
ties. Slight voluntary movements were preserved in 
the spinal, intercostal and abdominal muscles; the func- 
tion of the diaphragm was normal. All superficial and 
tendon reflexes were absent. The sense of motion and 
position was lost, and vibratory sensation was dimin- 
ished in all four extremities, together with distal blunt- 
ing of all modalities of superficial sensation. The optic 
nerves, pupillary reactions, extraocular muscles and 
auditory nerves showed no disturbance; the muscles 
and nerve trunks were not tender, and signs of meningeal 
irritation were absent. There was an area of consoli- 
dation in the upper lobe of the right lung. 

Laboratory Examination. — The urine was normal ; the 
Kahn reaction of the blood was negative, and no Klebs- 
Loeffler bacilli were present on culture of material from 
the throat. The hemoglobin concentration was 90 per 
cent (Sahli) ; the red blood cell count was 4,900,000 
’ per cubic millimeter ; the white blood cell count ranged 
from 5,000 to 14,000 cells per cubic millimeter, and blood 
films showed no stippling of cells. The cerebrospinal 
fluid was under normal pressure. There were 7 cells 
per cubic millimeter, and the Pandy and Nonne-Apelt 
reactions were positive. The Kahn reaction of the 
spinal fluid was negative; the colloidal gold curve was 
0001221100, and the total protein content was 400 mg. 
per hundred cubic centimeters. B.lood cultures yielded 
no growth; no lead or abnormal pigments were found 
in the urine. Roentgenograms revealed an abscess in 
the upper lobe of the right lung. 

Course in the Hospital. — The pulmonary infection 
grew steadily worse, and the patient died eighty-five 
days after onset of the neurologic symptoms. 

Pathoanatomic Examination. — PAipheral Nerves; 
There was advanced degeneration of the myelin sheaths, 
numerous bundles of which had lost their normal struc- 
ture and appeared almost amorphous in azan prepara- 
tions; such bundles were greatly swollen, their diameter 
being five to six times that of the normal. The axis- 
cylinders were swollen and fragmented, and their num- 
ber was greatly reduced. The Schwann cells were 
increased in size and number. Marchi preparations con- 
tained numerous myelin fragments (fig. 1). 
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Posterior Root Ganglia; The parenchymal cells of 
the peripheral ganglia showed outspoken axonal de- 
generation (fig. 2). 

Central Nervous System: Most information was 
obtained from the Marchi sections, which demonstrated 
severe degeneration of the white matter in all columns 
of the spinal cord and in numerous s 3 'stems as far as 
the thalamus. The fasciculus gracilis and fasciculus 
cuneatus were laden with Marchi bodies (fig. 3). 
There was also severe degeneration of the spinocere- 
bellar pathways and the pyramidal and rubrospinal 
tracts. The same picture prevailed throughout the 
spinal cord and continued into tlie medulla.. The fibers 
of the medial lemniscus contained large masses of myelin 
fragments, so that the bundles were sharply outlined 
(fig. 4) ; the fibers of the hypoglossus nerve stood out 
distinctly, being heavily laden with myelin fragments 


weeks previously he noted numbness in the feet, which 
soon became paralyzed, progressive weakness in the 
hands, double vision and pain in the back of the head 
There was no history of antecedent infection. 

Examination . — Examination revealed paralysis of the 
left lateral rectus muscle and palsy of the left side of the 
face of peripheral type; flaccid tetraparesis wdth proxi- 
mal predominance; bilateral diminution of the bicepj 
reflex, with absence of the remaining deep tendon re- 
flexes ; normal cremasteric and abdominal reflexes, and 
an extensor plantar resironse on the right side, with an 
equivocal extensor plantar response on the left side 
There were mild dyspnea, dysarthria and dysphagia, 
mild paresis of the abdominal and intercostal muscles 
and moderate paresis of the deep spinal musclea 
Vibratory sensation and the sense of position uere 
notably diminished in the lower extremities and moder- 



Fig. 1. — Photomicrograph of section of a peripheral nerve, showing numerous fragments of degenerated myehn 
(black). Marchi method; Zeiss planar lens, 20 mm. 


(fig. 4). There were similar severe changes in the 
olivocerebellar fibers and in the fibers of the reticulate 
substance, as well as in the intrabulbar portion of the 
fibers of the fifth, eighth, ninth and tenth nerves. The 
degeneration was less severe in the tectospinal tract 
and in the medial longitudinal fasciculus. The external 
arcuate fibers were not degenerated. 

In NissI preparations axonal degeneration was out- 
spoken in the lumbar and sacral segments of the cord, 
particularly in the dorsolateral nuclei of the anterior 
horns; shrunken, deeply staining neurons could be seen 
In the higher segments oi the spinal cord and in the 
brain stem as far as the midbrain. The basal ganglia, 
the cortex, the cerebellum and the meninges showed no 
pathologic changes. 

CitSE 2. — E. P., a truck driter aged 21, was admitted 
to the University Hospital on klarch 28, 1941. Three 


ately diminished in the upper extremities. Super- 
ficial sensation was preserved except for diminished 
pain and tactile sense in a radicular pattern correspond- 
ing to the upper lumbar dermatomes. The muscles and 
nerve trunks were tender to palpation, and there were 
mild nuchal rigidity and a faint Kernig sign. 

Laboratory E.vaminations . — The urine was normal. 
The Kahn reaction of the blood was negative. There 
W'ere 14,000 w^hite blood cells per cubic millimeter, w'ith 
variations from 6,000 to 22,000 cells. The blood was 
otherwise normal. The cerebrospinal fluid was clear 
and colorless, contained no cells and was under normal 
pressure; the Kahn reaction of the fluid w'as negative, 
and the colloidal gold curve was normal. The Pandy 
and Nonne-Apelt reactions were positive; the total 
protein content was 105 mg. per hundred cubic centi- 
meters. 
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Course in the Increasing weakness pf the 

respiratory muscles complicated with pneumonia re- 
quired treatment in the Drinker respirator from the 
third to tlie twenty-fourth day of hospitalization. The 
pneumonia responded to treatment with sulfadiazine and 
oxygen, and tlie patient was removed from the respirator. 
However, twelve days later the respiratory difficulties 
increased; the pulmonarj" infection became grave, and 
death occurred on the sixty-fifth day after the onset 
of the symptoms. 

Paihoanatomic E.vaniination. — Peripheral Nerves: 
Degeneration was of the same type as that in the 
preceding case. 

• Posterior Root Ganglia : There was outspoken axonal 
degeneration. 

Central Nervous System: jMarchi preparations dis- 
closed large accumulations of black myelin fragments 
in the white matter of the spinal cord, particularly in 
the fasciculus gracilis and fasciculus cuneatus (fig. 5). 


the function of the diaphragm was normal, yibratory 
sensation was absent at the ankles and wrists ; the 
sense of position was absent in the toes and impaired 
in the fingers, and there was distal blunting of all 
modalities of superficial sensation to the midthigh in 
the lower extremities and to the elbows in the upper 
extremities. All active and passive movements were 
painful, and there were severe generalized tenderness 
of the muscles and mild nuchal ^igidit 3 ^ The optic 
disks, the reactions of the pupils, the extraocular move- 
ments and the function of the muscles of mastication 
and of the sphincters were normal. 

Laboratory Examination . — The Kahn reaction of the 
blood was negative, and urinalysis showed nothing ab- 
normal. There were 14,800 white blood cells per cubic 
millimeter, of which 81 per cent Avere polymorpho- 
nuclear leukocytes. The cerebrospinal fluid was clear 
and faintly xanthochromic and contained 5 lymphocytes 
per cubic millimeter; it was under a pressure of 60 



Fig. 2. — Photomicrograph showing axonal degeneration (posterior root ganglion). Azan stain; objective (Zeiss) 
X20; ocular, projection 2. 


The parenchyma showed a variety of degenerative 
changes. There was outspoken axonal degeneration in 
the lumbosacral segments, but not elsewhere in the cen- 
tral nervous system. In the higher segments of the 
cord, the medulla and the midbrain, the dominant change 
was shrinkage of the neurons, Avhich in Nissl prepara- 
tions stained a deep blue. The glia remained inactive. 
The basal ganglia, cortex, cerebellum and meninges 
were normal. 

Case 3. — S. Z., a girl aged 19 years, had coryza and 
a cough, followed by pain in the back, numbness and 
progressive weakness of all the extremities eight days 
before her admission to the hospital. 

E.rainination . — There Avere bilateral facial parab'sis 
of peripheral t 3 'pe, mild paresis of the uvula and tongue, 
mild dyspnea, dysarthria, dysphagia and flaccid tetra- 
plegia, Avith absence of all deep and superficial reflexes. 
The paralysis was complete in the loAver extremities 
and nearly complete in the upper extremities, A\ffiere it 
A\as AAithout definite proximal or distal predilection. 
There Avas moderate paresis of the deep spinal, the 
abdominal and the accessory respiratorA- muscles, but 


mm. of Avater, and there AA^as no manometric block. 
The Kahn reaction of the cerebrospinal fluid Avas nega- 
tive; the colloidal gold curv^e Avas 1144433221 ; the 
Pandy and Nonne-Apelt reactions Avere positiA^e, and 
the total protein content Avas 1,333 mg. per hundred 
cubic centimeters. A pellicle formed on the fluid’s stand- 
ing. Cultures of the spinal fluid yielded no groAVth, 
and attempts to isolate a \4rus by chick embryo cul- 
ture and intracerebral inoculation of mice Avere unsuc- 
cessful. 

^ Coiuse in the Hospital. — ^Ten daj's after admission 
increasing paralysis of the respiratorA' muscles required 
the use of a Drinker respirator, in *Avhich the respira- 
tions improved temporarily. On the sixteenth day of 
nlness pneumonia developed, and the patient died three 
days later. The temperature Avas normal until the onset 
of pneumonia; the pulse and respiratory rates AA-ere 
continuously elevated, the rates varying Avith the de"ree 
of respiratory distress. The duration of the disease 
AA'as tAvent 3 --one days. 

Pathoanatomic E.ramination. — Peripheral Nerves- 
ihe axis-cylinders Avere greatly SAAollen, appearing six 
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or eight times as thick as normal, and seemed to com- 
press remnants of degenerated myelin. The latter was 
broken down into small fragments, which filled the peri- 
neural sheaths in a .disorderly manner ; the Schwann 
cells were proliferated, and their nuclei were swollen; 
there were occasional gitter cells; the perjneural tissue 
was moderatelj’^ increased; 

Posterior Root Ganglia: The neurons showed ad- 
vanced axonal degeneration and were greatly swollen; 
their tigroid substance was destroyed, and the nuclei 
were shrunken or no longer visible. 

Central Nervous System: There was advanced axonal 
degeneration in the lumbosacral segments, while in the 
thoracic and cervical segments the neurons were 
shrunken, staining a homogeneous deep blue. In the 
raidbrain, the basal ganglia and the cortex of both 
hemispheres the neurons stained pale blue, the tigroid 


degeneration been observed. In these cases the 
clinical course was protracted (seven and a halt, 
ten and nineteen months respectively), and the 
degeneration was restricted to the posterior col- 
umns of the spinal cord (Russell and Moore h 
Gilpin, Moersch and Kernohan °) and the dorsal 
spinocerebellar tracts (Sliaskan, Teitelbaum and 
Stevenson ®). 

As our observations show, the central nervous 
system may undergo extensive and fatal damage 
to its myelin and parenchymal cells in the early 
acute stages of the disease; these changes are 
degenerative and stimulate onl}’^ a limited 'cellular 



Fig 

cord). 


3. — Fasciculus gracilis and fasciculus cuneatus with numerous degenerated myelin fragments (upper lumbar 
Alarchi method ; Zeiss planar lens, 20 mm. ' 


substance appearing dustlike, or not being visible at all. 
Marchi preparations showed numerous myelin fragments 
in the white matter of the thoracic, lumbar and sacral 
segments of the spinal cord. Unfortunately, no Marchi 
preparations were available from segments above the 
upper thoracic level. The meninges and cerebellum 
appeared normal. 

COMMENT 

Altliough it is the consensus that in the Guil- 
lain-Barre syndrome ^ the peripheral nerves reg- 
ularly undergo severe degeneration, little is 
known of the pathoanatomic changes in the 
central nervous system. Most authors reported 
either no changes at all or alterations of a mild 
or reversible nature. Only in 3 cases has definite 


response. Even in the peripheral nerves, which | 
possess a powerful regenerative capacity, the ! 
cellular activity'' remains restricted to moderate 

. S 

4. Russell, W. D., and Moore, W. L. : Permanent 
Damage to the Nervous System Following an Attack 
of Polyradiculoneuritis (Guillain-Barre Syndrome), 
Arch. Neurol. •& Psychiat. 49:895 (June) 1943. 

5. Gilpin, S. F. ; Moersch, F. P., and Kernohan, 

J. W. : Polyneuritis: A Clinical and Pathologic Study 
of a Special Group of Cases Frequently Referred to as 
Instances -of Neuronitis, Arch. Neurol. & Psychiat. 35; 

937 (May) 1936. 

6. Shaskan, D.; Teitelbaum, H. A., and Stevenson, 

L. D. : Myeloradiculoneuronitis with Cell-Protein Dis- 
sociation, Arch. Neurol. & Psychiat. 44:599 (Sept.) 
1940. 



LO IV EN B ERG-fOSTER— POLY RADIO ULONE URITIS 


L''. .:■»>' 






Fig. 4.— Section through the medulla at the level of the twelfth nerve, showing advanced degeneration of the 
myelin in the medial lemniscus, the fibers of the h 5 'poglossus nerve and the reticular substance. March! method; 
Zeiss planar lens, 20 mm. 
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proliferation of the Schwann elements and of 
the perineural connective tissue. This lack of 
cellular reaction is even more striking in the 
central nervous system, where the regenerative 
power is negligible, a condition which accounts 
for the frequently reported failure of cellular 
preparations to demonstrate definite changes. 
The histologic analysis is rendered still more 
difficult by lack of demonstrable signs of lipid 
degeneration in scarlet red and Weigert prepara- 
tions, which in cases of this disorder give positive 
results only with the chronic form. In all 3 of 
our cases of the acute form both these methods 
failed to yield conclusive results. 

In our opinion the character and the full 
extent of the pathoanatomic changes in the acute 
stage of the disease can be demonstrated only 
by the March! method, since in our cases this 
technic showed extensive degeneration not only 
in the peripheral nerves but in the white matter 
of the spinal cord and of the brain stem. Un- 
fortunately, 'wt were not able to employ this 
technic at levels higher than the midbrain, so 
that the full extent of the degeneration remained 
unknown. We were able, however, to trace 
it through the medial lemniscus, which suggests 
that the morbid process reached at least the level 
of the thalamus. 

Degeneration of the parenchyma occurs reg- 
ularly, but it seems to be secondary to degenera- 
tion of the myelin and its extent varies. Three 
histologic types may be distinguished. The most 
conspicuous type is that of axonal degeneration : 
It was regularly seen in the posterior root 
ganglia and in the lumbosacral segments of the 
cord, but occurred in few cells at higher levels. 
This type of degeneration has considerable dif- 
ferential value. It was noted by Spielmeyer 
in cases of polyneuritis associated with so-called 
Landry’s paralysis. This we can confirm: In 
7 cases of the latter syndrome available in this 
laboratory axonal degeneration was constantly 
present in the lumbar segments, its presence sug- 
gesting a possible pathoanatomic relation, at least 
in some cases, between the Guillain-Barre ^ syn- 
drome and the disturbance diagnosed as Landry’s 
paralysis. 

Less conspicuous than the axonal degenera- 
tion, but much more widespread, is shrinkage of 
the neurons, which stained a deep blue in Nissl 

7. Spielmeyer, W.: Histopathologie des Nerven- 
systems, Berlin, Julius Springer, 1922, p. 268. 


preparations. These cells could be seen through- 
out the spinal cord and the brain stem. This 
type apparently represents a degenerative phase 
preceding axonal degeneration, since both proc- 
esses were frequently present in the same nucleus. 

The third type of parenchymal degeneration 
was noted in case 3, in which the neurons stained 
poorly and appeared pale. This change was uni- 
versal, affecting also the basal ganglia and the 
cortex of both hemispheres. It is possibly toxic. 
Its true nature and significance remain obscure, 
but its severity corresponded to the stormy clin- 
ical course. 

Little is known of the involvement of the 
autonomic nervous system. Clinical manifesta- 
tions in some cases indicate a possible implica- 
tion early in the course of the disease. Ab- 
dominal symptoms without a demonstrable 
anatomic basis \yere present in the case of Rus- 
sell and Moore ^ and in our case 1. Pathoana- 
tomic changes were reported by Roseman and 
Aring,® who noted degenerative changes in the 
sjunpathetic ganglia, and by Paliard and De- 
chaume,® who observed lymphocytic infiltration 
and an increased number of satellite cells in the 
solar plexus. 

SUMMARY 

It may be stated that the uniformity of the 
clinical and pathoanatomic observations suggests 
that the disorder represents a disease entity 
rather than a syndrome. It is characterized by 
primary degeneration of the myelin in the periph- 
eral nerves, spinal ganglia, cord and brain 
stem. The equally severe involvement of efferent 
and afferent pathways and the disregard for 
sjmapses exclude the possibility of secondary 
degeneration within the central nervous system 
arising from primary disease of the peripheral 
nerves. 

The cause remains obscure; attempts in our 
cases to recover a “virus” from the spinal ‘fluid 
or from suspensions of nerve tissue were unsuc- 
cessful. 
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LESIONS IN THE BRAIN ASSOCIATED WITH MALARIA 

PATHOLOGIC STUDY ON MAN AND ON EXPERIMENTAL ANIMALS 


R. H. RIGDON, N.D., and D. E. FLETCHER, Ph.D. 

LITTLE ROCK, ARK. 


Pathologic changes in the brain frequently are 
noted in patients who have died of malaria. 
Petechiae in the meninges and the brain tissue 
are probably the lesions most often observed. 
Gaskell and Millar^ stated that these hemor- 
rhages resulted primarily from degeneration of 
the endothelial cells lining the capillaries. Other 
investigators have expressed the opinion that 
red blood cells accumulate along the injured 
capillary walls and hinder the exchange of nutri- 
tive materials.” Occlusion of the cerebral capil- 
laries by thrombi composed of parasitized 
erythrocytes is considered usually to be the 
basis for the development of the hemorrhages. 
Laveran ® was one of the first to claim that these 
hemorrhages developed from thrombi. 

Cellular reactions within the brain substance 
and in the meninges also have been described in 
cases of malaria.^ Malarial nodules have been 
observed in the subcortical areas of the cerebrum 
and infrequently in the cerebellum.'* Margulis ^ 
apparently was one of the first to describe this 
lesion. He suggested that it resulted from 
stasis and thrombosis of the neighboring capil- 
laries since it was frequently associated with 
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hemorrhages. Ditrck ° described a similar lesion 
unassociated with hemorrhages and expressed 
the opinion that it developed as the result of the 
action of malarial toxin on the capillaries and 
on the brain tissue. These granulomatous 
nodules in the brain are usually referred to in 
the literature as “Diirck granulomas.” Both 
Durck® and Thomson and Annecke^ discussed 
the pathogenesis of this lesion. 

Degenerative lesions in the cells of the brain 
were described by Marchiafava and Bignani ^ 
as early as 1890. They reported the presence 
of chromatolysis in large nerve cells, accom- 
panied by other degenerative changes. Lafora® 
also described chromatolysis, swelling and vacuo- 
lation of the cytoplasm, loss of Nissl granules- 
and degeneration of the medullated fibers in the 
brain of patients who died of the malignant 
types of malaria. 

A variety of clinical manifestations have been 
observed in patients with acute and chronic 
malaria.® De Vries reported a case of cere- 
bellar ataxia with hyperactive tendon reflexes^ 
tremor, slurring speech and nonconvergence of 
the eyes. Simpson and Sagehiel reported a 
case of malaria in which there were manifesta- 
tions of a cerebellar syndrome, with .weakness, 
ataxia and dysmetria of the extremities. Cer- 
letti emphasized the frequence with which 
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a cerebellar syndrome occurred in cases of 
malaria. Deaderick/- however, expressed the 
opinion that symptoms originating from the 
cerebellum were present only in rare instances. 
Neurologic lesions have been observed infre- 
quently in experimental animals. Simpson, 
in June 1944, described them in a turkey infected 
with Plasmodium durae. He stated; 


This animal seemed to be partially paralyzed for 
several hours before its death, and although it was able 
to flap its wings, it could not raise its head or stand 
on its legs. 

METHODS AND MATERIAL 

The material used in this study consisted of the brain 
of a child who died in the acute stage of infection with 
Plasmodium falciparum, the brains of 3 monkej's infected 
with Plasmodium knowlesi and the brains of a series of 



Fig. 1. — Petechiae in the brain of a child aged 7 years who died of infection with P. falciparurn. A, petechiae 
in the cerebral hemisphere and cerebellum. B, parasitized erythrocytes filling the lumen of a blood vessel. A hem- 
orrhage has occurred around this vessel. Hematoxylin and eosin ; X 430. C, petechiae associated with capillaries. 
The red cells may form the ring type of hemorrhage. Hematoxylin and eosin; x 100. D, capillaries throughout 
the brain filled with parasitized cells. The petechiae here appear as black areas. Tissue cleared in alcohol, ben- 
zine and methyl salicylate; x 100. 
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ducks and chicks infected with Plasmodium lophurae. 

The human brain was removed within"^ three hours 
after death. Two of the monkeys were perfused with 
a 10 per cent concentration of solution of formaldehyde 
U. S. P. immediately after they were bled to death. 
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The brain from the third monkey was obtained within 
thirty minutes after death by bleeding. The brains from 
the ducks and chicks were removed at varying intervals 
after the intravenous injection of P. lophurae. A cer- 
vical clamp was applied, and the brain was . removed 
and placed in the fixative within one minute. 

The following fixatives were used; a 10 per cent 
concentration of solution of formaldehyde U. S. P., 95 
per cent alcohol; Zenker’s fluid, and Bouin’s solution. 
Paraffin sections and the following staining technics 
were used: hematoxylin and eosin, 0.5 per cent Oiionin, 
Weil’s iron hematoxylin stain for myelin sheaths, osmic 
acid and scarlet R for fat and Bodian’s and Bielschow- 
sky’s silver technics. 

The ducks used in this study usually had a high 
degree of parasitemia such that approximately 90 per 
cent died during the early stage of the infection. Of the 
remaining 10 per cent, all manifested clinical neurologic 


the hemoglobin concentration 5 Gm. and the white blood 
cell count 22,200 per cubic millimeter. Fifteen per cent 
of these red blood cells were parasitized. Approximately 
one half of these cells contained from 2 to 4 parasites. 
The carbon dioxide-combining power was 26 volumes 
per cent. Autopsy was performed approximately three 
hours after death. 

The convolutions of the brain were slightly swollen. 
Petechiae were numerous both in the meninges and on 
the cut section of the cerebrum and cerebellum (fig. 1). 
These hemorrhages occurred in both the gray and the 
white matter of the brain; however, they were more 
numerous in the latter area._ The blood vessels in the 
cerebral cortex were notably congested with parasitized 
erythrocytes. The endothelial cells lining the vessels 
were swollen; a few contained granules of pigment and 
fat, while others were either free in the lumen or par- 
tially attached to the vessel wall. The perivascular and 



Fig. 2. — A, section of the cerebral cortex of the same brain from which sections in figure 1 were taken, 
showing enlarged ■ perivascular and pericellular spaces resulting from capillary permeability. In our opinion, 
these changes are too pronounced to be artefacts. Hematoxylin and eosin ; X 430. A, cells showing various 
degenerative changes. Thionin stain ; X 430. 


signs within two to eight weeks. In this study we used 
only brains of birds that were killed at varying inter- 
vals durjng the course of the disease. 

OBSERVATIONS 

Hmiian Brain . — The child, aged 7, was admitted to 
the hospital with the chief complaint of abdominal 
pain.14 Approximately forty hours after admission she 
w-as comatose. Malarial parasites were demonstrated in 
the peripheral blood only four hours preceding death. 
At this time the total red blood cell count was 1,060,000, 


14. Rigdon, R. H.: A Consideration of the l\Iecha- 
nism of Death in Acute Plasmodium Falciparum Infec- 
tion; Report of a Case, Am. J. Hyg. 36:269-275, 1942. 


pericellular spaces were greatly enlarged, giving to the 
tissues a cribriform appearance (fig. 2 A). Occasionally 
these spaces were surrounded by a necrotic area. 

All the nerve cells in the gray matter of the cerebral 
cortex appeared to show pathologic changes (fig. 2B). 
This lesion varied from only a change in the staining 
reaction to disintegration of the cell, ^lany nerve cells 
showed complete exhaustion of the Nissl material. 
Some of the cells presented sclerotic changes, with pyk- 
notic nuclei, shrunken cj^oplasm and tortuous processes. 
A few cells exhibited pigmentary degeneration, with 
varying quantities of yellow-brown granules clustered 
about the nucleus. This pigment usually was more pro- 
nounced at the apical poles of the cells. Numerous cells 
flowed acute swelling and vacuolar disintegration. 
These pathologic changes exhibited neither regional 
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specificity nor uniformity within any given area. The 
remaining portions of the brain and spinal cord pre- 
sented similar cell changes. The lesions decreased in 
severity from the cerebral cortex to the spinal cord. 
In the latter region altered staining reactions, chroma- 
tolysis and hyalinization of the cytoplasm were the 
changes observed. 

The white matter of the brain and spinal cord pre- 
sented the most spectacular lesions, in contrast to the 
less conspicuous lesions of the gray substance. In histo- 
logic sections of the cerebral hemispheres, the subcor- 
tical white matter, the corona radiata and the internal 
capsule were literally strewn with holes, varying in size 
from 1.5 to 80 microns in diameter (fig. 3 5). The glia 
and nerve fibers were compact and swollen and were 


Another type of lesion observed in the brain was an 
irregular, oval necrotic area, varying in size from 50 
by 100 to 500 by 700 microns (fig. 4 A). These foci 
appeared as light-staining, finely reticulated areas with 
a dark-staining center. Glial fibers and fragmented de- 
myelinated nerve fibers constituted the lighter-staining 
tissue, while glia cells, large mononuclear cells, malarial 
pigment and tissue debris made up the darker center. 
The number of glia cells varied ; many showed amitotic 
division. Small blood vessels, either intact or frag- 
mented, were present within the necrotic areas. Red 
blood cells, both parasitized and nonparasitized, were 
present in varying numbers within these lesions. In 
some areas the red blood cells were intact; in others 
they were hemolyzed, w’hile a few showed onh' frag- 



Fig. 3. — Sections from the same brain as that which appears in figures 1 and 2. A, areas of necrosis 
in the corona radiata, with a “lacelike” appearance; B, numerous circumscribed spaces referred to in the text as 
“perforate lesions,” varying in size from 1.5 to 80 microns. These lesions gave a cribriform appearance to the 
internal capsule and the corona radiata of this brain. Similar lesions occurred in the brains of the monkeys, ducks 
and chicks which were similarly infected. C, subcortical white matter of the monkey brain, showing “perforate 
lesions," preceded by an early degenerative lesion in the myelin, as indicated by variations in staining. D, section 
of the midbrain of the same monkey, showing a picture similar to that in C. 


stained more deeply around the margin of these spaces 
than in the surrounding tissue. Fragments of degener- 
ating fibers might be seen either free or extending 
across some of the spaces. In this paper we refer to 
tliese spaces as “perforate lesions.” 

These^ perforate lesions” were present also in the 
substantia alba of the cerebellum and in the fiber path- 
ways of the brain stem and the spinal cord. They were 
fewer, however, than in the cerebral hemisphere. They 
occurred infrequently in the gray matter. 


mented erythrocytes. Large mononuclear cells were also 
present within these necrotic foci. They had large, 
open, pale-staining nuclei and prominent nucleoli. Some 
showed phagocytosed particles within their cytoplasm. 
These phagocytic cells were sometimes attached to the 
wall of the fragmented vessels. 

Other areas of necrosis, similar to the granulomatous 
lesions previously described, appeared as irregular, pale- 
staining patches, varying widely in both size and shape. 
These gave to the tissue a lacelike appearance. The 
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number of glia cells was decreased in these areas 

Focal areas of myelin degeneration 25 to 50 microns 
in diameter were demonstrated in thick histologic sec- 
tions. These stained uniformly gray-blue with Weil’s 
technic, light red with thionin and orange-pink with 
hematoxylin and eosin. The periphery of these lesions 
stained more deeply than the center (fig. 3 B ) . 

Necrotic lesions like those described in the white 
matter of the cerebrum occurred in the cerebellum, but 
less frequently. They were more numerous in the mo- 
lecular layer of the cerebellar cortex than in the sub- 
stantia alba. 



Fig. 4, — Lesions in the white matter of a brain of a 
child who died of infection with P. falciparum. A, 
“Durck granulomas,” showing extensive glial prolifera- 
tion; F, granulomas, “perforate lesions” and “lacelike” 
necrosis in the corona radiata. Hematox 3 din and eosin; 
■X 100. 

The Purkinje cells rvere greatly reduced in number 
(fig. 5^). Some of these cells rvhich remained showed 
acute swelling with chromatolj^sis ; others rvere sclerotic 
with tortuous processes, and a few contained granules 
of yellow-brown pigment about the nucleus. No demon- 
strable changes were present in the granule, basket and 
Golgi cells. 

Monkey Fra/;i.— The data, as shown in the accom- 
panying table, were obtained from the 3 monkeys used 
in this study. The brains did not show any significant 
macroscopic changes. The blood vessels in the brain of 
monkey 3, which was not perfused, were filled rvith 
parasitized cells similar to the vessels in the child’s 
brain. The perivascular and pericellular spaces were 
enlarged in each of the 3 brains. The cytologic changes 
were similar in the monkey’s brain to those in the chiM’s 
brain. Focal areas of demyelination were also present 
They occurred in both the gray and the white matter 
throughout the brain and the spinal cord of the 3 


monkeys (fig. 3C and D). They- were more -numerous 
in the cerebrum than in the spinal cord and occurred 
more frequently in the white than in the gray matter. 
The "perforate lesion” and the areas of “lacy degen- 
eration” also were present, but tvere less conspicuous 
in the monkey brain than in the human brain. 

The pathologic changes in the cerebellum were simi- 
lar to those in the cerebrum. The Purkinje cells were 
notably depleted (fig. SB). The remaining Purkinje 
cells showed chromatolysis and other types of degen- 
eration. The granule, basket and Golgi cells appeared 
normal. 

Duck Brain . — No gross lesions tvere observed in the 
brains of the ducks. However, microscopic lesions were 
present, and basically they were similar to the lesions 

Laboratory Data on Monkeys Infected zoith 
Plasmodium Knozviesi 
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Fig. S. — Depletion of Purkinje cells of the cerebellum, 
with varj-ing degrees of degeneration of the remaining 
cells jn a child and in experimental animals infected with 
malaria. A is from the child’s brain; B, from the 
monkey brain ; C, from the duck brain, and D, horn the 
chick brain. E is a section from the cerebellum of a 
normal chick, shown for comparison. Thionin stain : 
X 100. 

in both the human and the monkey brain. The changes 
that occurred in the Purkinje cells in the duck brain 
during the course of malaria may be considered under 
the following stages: (1) the normal, or resting stage; 
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(2) the stage of sclerosis; (3) the stage of edema, 
showing both early and late phases; (4) the stage of 
exhaustion and (5) the stage of disintegration. 

The normal resting Purkinje cell in the duck brain 
tended to be pyriform, like Purkinje cells in other 
animals. The cytoplasm was filled with large, uniformly 
distributed Nissl flakes. The nucleus, which was oval 
to spheroid, was centrally placed and filled with acido- 
philic chromatin material. These granules were dis- 
tributed over a linin net, dispersed around the inner 
margin of the nuclear membrane and concentrated about 
a prominent, centrally placed nucleolus, which consisted 
of two or three circular bodies. With hematoxylin and 
eosin the cytoplasm of the normal resting cell stained 
pale blue and the nuclear structure darker blue. The 


Figure 6D show’cd the late phase of the edematous 
cell, in which the edema had decreased. The chromatin 
granules were scattered throughout the nucleus, and 
the Nissl bodies were piled up about the nucleus and 
located at the periphery of the cell. The cytoplasm 
stained a muddy pink with hematoxylin and eosin. 

The cell in the exhausted stage appeared as a homo- 
geneous, pale pink-staining mass of protoplasm, with 
ill defined nucleus and fuzzy outline. The Nissl sub- 
stance and nuclear chromatin rvere completely absent. 
Some of these cells showed vacuolar degeneration and 
disintegration (fig. 6E). 

The number of Purkinje cells in a transverse section 
of a folium varied in the ducks with malaria as com- 
])arcd with the number in normal ducks. It is of interest 



Fig. 6. — Stages of activity and degeneration of Purkinje cells from the cerebellum of a duck infected with 
malaria. A, normal resting cell , B, pyknotic cell ; C, early phase of edematous cell ; D, late stage of edema- 
tous cell, and E, exhausted cell. Hematoxjdin and eosin; X 910. 


staining properties were such that the cell was poorly 
delineated from the surrounding tissue (fig. 6 A). 

In the second stage the sclerotic cell was shrunken, 
triangular to spindle shaped and filled ivith .Nissl 
material The nucleus was pyknotic, eccentric and ob- 
scured by the deeply stained cytoplasm The dendritic 
processes of many of these cells were toituous (fig. 6 B). 

The edematous cell in the early phase was approxi- 
mately twice the size of a normal resting cell. The 
tigroid substance was depleted except at the periphery, 
where it appeared in large bodies. The chromatin 
granules of the nucleus w ere compressed into a centrally 
placed, deeply staining mass, surrounded by an edema- 
tous area, which stained either clear or cloudy (fig. 6 C). 


to observe that the number of Purkinje cells w'as least 
in the ducks w'hich survived the acute stages of the 
malarial infection and subsequently had neurologic mani- 
festations (fig. 5 C). The remaining Purkinje cells 
show'cd the various stages of activity and degeneration, 
as previously described. 

The cells in the nuclei of the cerebellum showed 
pathologic changes similar to those in the Purkinje 
cells. Acute swelling and vacuolar degeneration oc- 
curred in these nuclear cells in the moribund bird 

(fig- 7). 

Chick Brain . — ^The pathologic changes in the cere- 
bellum of the chick w'ere similar to those in the duck. 
The depletion of the Purkinje cells in a chick with 
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malaria is shown in figure 5 D. This may be compared 
with the condition in the brain of the normal chick 
(fig. 5£). 

COMMENT 

The lesions which we have described in the 
brain and spinal cord in association with malaria 
were fundamental!)’- and basically the same in the 
child, monkey, duck and chick. 

Edema was a constant feature. It could be 
detected even grossly. In histologic section it 
appeared as a notable enlargement of the perivas- 
cular and pericellular spaces. We are cognizant 
of the fact that a similar process may occur as a 
technical artefact. However, we consider it too 
pronounced for an artefact and believe that it is 
the earliest lesion associated with malaria. 



Fig. 7. — Cells in the cerebellar nuclei of a duck with a 
severe malarial infection, showing vacuolar degenera- 
tion. Thionin stain ; X 430. 

The nerve cells in the cerebral cortex of the 
child were more severely damaged than those in 
the monkey. These cytologic changes were less 
pronounced in the more caudal regions of the 
brain. This variation in the human and in the 
monkey brain may have been influenced by the 
degree of parasitemia, the length of the infection 
and the susceptibility of the brain to injury. 

The Purkinje cells of the cerebellum were de- 
pleted in the human, monkey, duck and chick 
brains. The progressive cJ^anges which precede 
this depletion were followed in the duck and 
chick brains. \Nq. recognize that all these cell 
changes were not pathologic. Tlie earlier ones 
may represent normal physiologic activity of the 
cell in response to some stimulus in malaria. 


The later changes were irreversible and led to 
death of the cell. These changes in the Purkinje 
cells are not specific for malaria. Similar ones 
have been described in cases of fatigue and 
exhaustion, shock,’^® anemia and many other 
conditions.^® 

In the literature which we have reviewed three 
specific lesions have been described, namely 
petechiae,^ malarial nodules ^ and the Diirck 
granulomas.® Each of these lesions has been ob- 
served in our studies ; in addition, we have noted 
other degenerative changes in the myelin, the 
earliest manifestation of which was a variation in 
staining. Later the myelin might be partially or 
completely removed, leaving either perforations 
or focal areas of demyelination with a “lacelike” 
appearance. Petechiae were present in the child’s 
brain ; they occurred only in the focal areas that 
we have referred to as granulomas. It is of in- 
terest to observe that red blood cells were not 
present in all the areas of necrosis. This obser- 
vation suggests that the hemorrhages were sec- 
ondary to the necroses. Why should red blood 
cells occur in one area of necrosis and not in 
another ? 

It appears more reasonable that the answer lies 
in the vascular supply about the necrotic area. 
In the focal areas of necrosis the circulation 
is maintained. In contrast, in the diffuse, “lace- 
like” areas of degeneration the blood flow has 
ceased. In such areas, purely by chance, a 
greater number of parasitized red blood cells 
accumulate within the lumens, thereby obstruct- 
ing the circulation. Inasmuch as -the blood flow 
has ceased, it is obvious that hemorrhage cannot 
occur. This process has been interpreted as 
thrombosis. In our opinion it is only the end 
I'esult of stasis. 

It is easy to understand how one would con- 
clude from seeing histologic sections of the brain 
in cases of infection with P. falciparum that the 

15. Hodge, C. F. : A Microscopical Study of 
Changes Due to Functional Activity in Nerve Cells, 
J. Morphol. 7:95-168, 1892. Dolley, D. H. : The 
Neurocytological Reaction in Muscular Exertion: I. 
Preliminary Communication; the Sequence of the Im- 
mediate Changes in the Purkinje Cells, Am. J. Phvsiol 
25:151-171, 1909-1910. 

16. Dolley, D. H., and Crile, G. : The Patho- 
logical Cytology of Surgical Shock: I. Preliminary 
Communication ; the Alterations Occurring in the Pur- 
kinje Cells of the Dog’s Cerebellum, J. M. Research 
20:275-295, 1909. 

^17. Dolley, D, H. : The Morphological Changes in 
Nerve Cells Resulting from Overwork in Relation with 
Experimental Anemia and Shock, J. :\r Research 
21:95-113, 1909. 

_18. (a) Courville, C. B.: Untoward Effects of 
Nitrous Oxide Anesthesia, Mountain View, Calif 
Pacific Press Pub. Assoc., 1939, p. 150. (b) Hartman, 
F, W.; Some Etiological Factors and Lesions in 
Cerebral Anoxia, Am. J. Clin. Path. 8:629-648, 1938. 
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capillaries are occluded either by thrombi or by 
emboli. However, as far as we have been able to 
determine from a review of the literature, no one 
has obser\fed the progressive development of a 
thrombus on the walls of the vessels in the brain 
in a case of malaria. Furthermore, in our study 
we have not observed such a process. The 
presence of a sufficient number of parasitized red 
blood cells to fill the lumen of capillaries should 
not be interpreted necessarily as an embolus. 
Masses of parasitized red blood cells have been 
demonstrated only infrequently in the peripheral 
blood of patients with malaria. If emboli are 
characteristic of malaria, it would seem that the 
evidence from the numerous studies already made 
on this disease should be conclusive. The demon- 
stration of a variety of pathologic changes un- 
associated with thrombi and emboli in the brains 
of man and experimental animals, such as the 
monkey, duck and chick, as shown in this paper, 
suggests that another mechanism may account 
for the pathogenesis of the hemorrhages present 
in the brain in cases of acute malarial infection. 

The focal areas of necrosis observed in the 
brain of the child, monkey, duck and chick were 
similar to the lesions described by Diirck ® and 
]\Iargulis.® In the lesions described by Diirck, 
and now known as "Diirck granulomas” a large 
number of glia cells accompany the necrosis. It 
is suggested that a period must elapse to permit 
this glial reaction to occur. 

The pathologic lesions in the brain of both 
man and the experimental animals infected with 
malaria are identical with changes in a series of 
animals which Hartman concluded to be the 
result of anoxia. It has been suggested by one of 
us (R. H. R.) that the pathologic lesions in the 
viscera of man, monkey and duck may be in- 
fluenced in their development by anoxia.-® 

The patient whose brain was used for this 
study had only approximately 1,500,000 red 
blood cells at the time of death. In monkeys, 
likewise, rapid anemia developed. The red blood 
cells in the ducks frequently decreased within 
forty-eight hours from 2,200,000 to 600,000. 
This rapidly progressing anemia apparently was 
responsible for the anoxia. It is only reasonable 
to believe that because the malarial parasites 

19. SchiifFner, W. A. P., and Esseveld, H. : Causes 
of Malignancy of Tropical Malaria, Geneesk. tijdschr. 
V. Nederl.-Indie 76:3038-3045, 1936; abstracted, Trop. 
Dis. Bull. 34:383, 1937, Cropper, J.: Phenomenal 
.\bundance of Parasites in a Fatal Case of Pernicious 
Malaria, Lancet 2:16-17, 1908. 

20. Rigdon, R. H., and Stratman-Thomas, W. K.: 

Study of the Pathological Lesions in P. Knowlesi 

Infection in AI. Rhesus Monkeys, Am. J. Trop. Med. 
22 :o29-o39, 1942. Rigdon, R. H. ; A Pathological 
Study of the Acute Lesions Produced by P. Lophurae 
in Young White Pekin Ducks, ibid. 24:371-377, 1944- 
footnote 14. 


utilize hemoglobin, parasitized red blood cells do 
not carr}^ the same quantity of oxygen as non- 
parasitized cells. The myocardium may become 
anoxic and the circulation slowed, thus producing 
a stagnant type of anoxia. Anoxia' therefore 
appears to be the basis for the development of 
the cerebral lesions in malaria. 

PATHOGENESIS OF LESIONS IN THE BRAIN 
ACCOMPANYING MALARIA 

Our pathologic studies suggest that an in- 
creased permeability occurs in the capillaries of 
the brain in cases of severe malaria, as indicated 
by the enlargement of the perivascular and peri- 
cellular spaces (fig. 2 A). This increase in per- 
meability is the result of anoxia. Accompanying 
this increased permeability of the capillaries is 
anoxia of the adjacent parenchymatous tissue, as 
indicated b}’^ the focal changes in the myelin. 
Such foci are apparent from the variation in stain- 
ing (fig. 3). As the process of anoxia continues 
the myelin in these focal areas degenerates. The 
permeability of the capillary walls may be suf- 
ficiently impaired to permit the escape of para- 
sitized and nonparasitized red blood cells. Such 
cells may 'partially or completely fill the foci of 
myelin degeneration and may extend into the sur- 
rounding tissue, producing the classic petechiae, 
as observed with the severe types of malaria. 
With the lapse of time glial and mononuclear cells 
may proliferate in these areas of necrosis. 

The cytologic changes as observed in the nerve 
cells of the cerebral cortex and the Purkinje 
cells of the cerebellum in this study are, in our 
opinion, also the result of anoxia. 

Accompanying the development of the neuro- 
logic lesions are severe pathologic changes in the 
other viscera of the body. The myocardium and 
the peripheral circulation are severely affected, 
and the rate of circulation decreases throughout 
the brain. This slowing of the circulation in- 
creases the cerebral anoxia. The parasitized red 
cells apparent!}^ tend to localize along the wall 
of the capillaries and may interfere with the 
function of the endothelial cells. All the met- 
abolic processes within the brain, therefore, may 
be progressively impaired until death results. 

SUMMARY 

The pathologic lesions occurring in the brain 
of a child who died in the acute stage of infection 
with P. falciparum and in brains of the monkey, 
duck and chick infected with malaria were simi- 
lar. The gra}' and the white matter of the entire 
brain and spinal cord were sometimes involved; 
however, the cerebral hemispheres and the cere- 
bellum showed the most extensive injury. These 
neurologic lesions may result from anoxia. 

University of Arkansas School of Medicine. 



CHARACTERISTIC ROENTGENOGRAPHIC CHANGES ASSOCIATED 

WITH TUBEROUS SCLEROSIS 

WILLARD W. DICKERSON, M.D. 

CARO, MICH. 


Knowledge of the presence of characteristic 
roentgenographic changes in the skull of patients 
with tuberous sclerosis has been a fairly recent 
addition to the diagnostic criteria of this dis- 
ease entity. In 1924 Marcus^ described the 
roentgenogram in a case of tuberous sclerosis, 
as follows; 

In several places within the cranium were calcified 
areas the size of a bean or pea, with layers oi “chalk 
shale.” Most such areas were located in the middle 
fossa on the left side, but several were visible in the 
parietal regions. 

Dalsgaard-Nielsen stated that Marcus’ case is 
the first published instance of tuberous sclerosis 
with roentgenographicall}'- discovered calcifica- 
tion in the cerebrum. In 1935 Dalsgaard-Niel- 
sen” published the following description of the 
calcifications noted in roentgenograms of the 
skull of a 14 year old boy with convulsive seizures 
and adenoma sebaceum. 

The shape of the cranium is normal. The sella turcica 
is small but otherwise normal. Scattered throughout 
the roentgenogram of the skull are numerous osseous 
shadows. They are irregular in form and size and in 
great part slightly “watery,” but their density is vari- 
able. No destruction of bone is seen. Many of these 
shadows are situated in the calvaria and may be 
assumed to be hyperostotic changes. Not a few are 
doubtless located in the cerebrum itself and appear there 
as spreading, small and irregular calcifications in the 
left hemisphere. One calcification lying at about the 
middle of the left frontal lobe is the size of an orange. 
The rest of the skeletal system shows no roentgeno- 
graphic changes. 

Later, Gottlieb and Lavine ® described analo- 
gous roentgenographic changes in another case 
of tuberous sclerosis. Yakovlev and Corivin ^ 
reported the roentgenographic demonstration of 

From the Caro State Hospital for Epileptics; R. L. 
Dixon, Medical Superintendent. 

1. Marcus, H., cited by Dalsgaard-Nielsen.- 

2. Dalsgaard-Nielsen, T.; Tuberds sclerose med 
sjaeldent rdntgenfund, Nord med. tidskr. 10:1541 
(Sept. 28) 1935. 

3.. Gottlieb, A. S., and Lavine, G. R. : Tuberous 
Sclerosis with Unusual Lesions of the Bones, Arch. 
Neurol. & Ps 3 xhiat. 33:379 (Feb.) 1935. 

4. Yakovlev, P. I., and Corwin, W. : A Roentgeno- 
graphic Sign in Cases of Tuberous Sclerosis of Brain 
(Multiple “Brain Stones”), Arch. Neurol. &: Psvchiat. 
42:1030 (Dec.) 1939. 


multiple discrete areas of calcification through- 
out the brain. Heublein, Pendergrass and Wid- 
man ^ described the calcifications seen in their 
cases as being within the brain substance, and 
in 1 instance possibly within the calvaria. Pan- 
coast, Pendergrass and Schaeffer ® stated : 

. . . not infrequently the bones of the .extremities 
and occasionally of the calvaria show changes which 
include periosteal deposits and cystic or “punched out” 
areas in the spongiosa. 

In a recent publication, Ross and I " stated that 
the chief roentgenographic finding in tuberous 
sclerosis, that of patchy zones of increased density 
in the skull, is located in the calvaria. These 
zones occurred in half our cases. We have been 
unable to find any description of the structural 
changes which occasion this appearance. 

One of the patients in our previous study 
known to be hemophilic, presented the charac- 
teristic roentgenographic features of tuberous 
sclerosis. Most of the diagnostic studies per- 
formed on the other patients in that series were 
omitted with this patient because of the difficulty 
in control of bleeding following such simple pro- 
cedures as venipuncture and the withdrawal of 
blood from the finger tip for routine studies of 
the blood. The patient has since died, and au- 
topsy was performed. We believe that the fol- 
lowing presentation is the first detailed descrip- 
tion of the location and nature of the structural 
changes giving rise to the roentgenographic 
lesions which he presented. 

REPORT OF CASES 

Case 1. — History. — H B., a white boy, was admitted 
to the Caro (Mich.) State Hospital for Epileptics on 
July 25, 1942; at that time he was 10 years of age. 
Both the paternal and the maternal branch of the family 
showed several neuropathic deviations. The mother had 


5. Heublein, G. W. ; Pendergrass, E. P., and Wid- 
man, B. P. : Roentgenographic Findings in the Neuro- 
cutaneous Syndromes, Radiology 35:701 (Dec.) 1940. 

6. Pancoast, H. K. ; Pendergrass, E. P., and Schaef- 

fcr, J. P. ; The Head and Neck in Roentgen Diagnosis, 
Springfield, III., Charles C Thomas, Publisher, 194o’ 
p. 663. ’ 

7. Ross, A. T., and Dickerson, W. W. : Tuberous 
Sclerosis, Arch. Neurol. & Ps 3 'chiat. 50:233 (Sent) 
1943. 
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fainting spells and was considered a religious fanatic. 
The father was described as mentally deficient. Our 
patient was the oldest of 5 children, the others appar- 
ently being normal. The birth and developmental his- 
tories were not unusual. At the age of 6 months he cut 
his mouth and bled for two weeks. He began to have 
convulsions a month later, and the attacks continued 
until his death. He was greatly retarded in walking and 
never learned to talk. 

He was admitted to the University Hospital, Ann 
Arbor, Mich., when 3 years of age because of convul- 
sions. There he was resistive to every examination. The 
general physical examination revealed nothing signifi- 
cant except for a scattered papular eruption over the 
body. The neurologic examination was unsatisfactory, 
and the reflexes were normal as far as could be deter- 
mined. Ophthalmologic examination revealed nothing 
abnormal. All laboratory examinations, including studies 
of the spinal fluid, yielded normal results. Roentgeno- 
grams of the skull were considered to be within normal 


third of the body. In addition to his untidiness and 
restiveness, many hemorrhages from the granulating 
surfaces of the wounds added to the difficulties of his 
care. Four months later he was transferred to the Caro 
State Hospital. 

Examination . — The patient was pale and underdevel- 
oped, obviously at the idiot level of intelligence. He 
made no attempts to speak and drooled continually. 
There were many incompletely healed burns over the 
lower extremities and a slight contracture of the right 
knee. He was able to walk. Sebaceous adenomas were 
present in typical butterfly distribution over the nose, 
cheeks and nasolabial folds. There were tliree cafe au 
lait spots on the face: (1) one measuring S by 1.5 cm., 
extending from the brow to the hair line on the right 
side of the forehead; (2) one, measuring 1 by 0.75 cm., 
situated immediately above the right angle of the mouth, 
and (3) a similar spot on the left cheek, at the mid- 
point of the horizontal ramus of the mandible. The rest 
of the general physical examination reveale’d nothing 



Fig. 1 (case 1). — A, roentgenogram of the skull in the lateral projection, demonstrating the islands of increased 
density which are the chief roentgenographic sign in cases of tuberous sclerosis. An indistinct area of increased 
density is also seen in the posterior fossa. B, photograph of the calvaria obtained by transillumination, demon- 
strating the increased translucency of the involved areas. The sites of removal of the buttons of bone for histo- 
logic examination were sealed with black photographic paper. C, roentgenogram of the calvaria, demonstrating 
that the islands of increased density are situated in the calvaria. D, roentgenogram of the brain. The islands 
of increased density seen in roentgenograms of the skull are not visible. The area of calcification seen in the 
posterior fossa in A appears here in the cerebellum. If the dense areas of the roentgenograms of the skull were 
due to calcification in or around the cortical nodules, they should also be visible here. 


limits. A pneumoencephalogram showed moderate dila- 
tation of the ventricles, slightly greater on the left side. 
The subarachnoid channels over the right cortex were 
incompletely^ drained There u as no gross displacement 
of the ventricular system. During his stay in the hos- 
pital he was given three small transfusions of blood 
because of long-continued hemorrhage from a lacera- 
tion of the tongue which he received during a seizure. 
He was discharged without medication; the final diag- 
nosis was grand mal epilepsy. 

When 10 years of age he was admitted to a nursing 
home with second and third degree burns, which he had 
received in a seizure. They covered approximately one 


significant. The neurologic examination showed only a 
Babinski sign on the left side. The ocular fundi could 
not be visualized. The kidneys were not palpable. 

Routine laboratory examinations revealed only mod- 
erate secondary anemia. The Kahn reaction of the blood 
serum was negative. No other laboratory examination 
was attempted. Roentgenograms of the skull (fig. lA) 
demonstrated many islands of increased density through- 
out the cranium. In stereoscopic views these appeared 
to be within the calvaria. There was also a small area 
of increased density, of irregular outline, in the poste- 
rior fossa. Roentgenograms of the chest showed nothing 
abnormal. 
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Course hi the Hospital— The patient continued to 
experience many convulsive attacks. He received sevei al 
injuries during seizures; the slightest break in the skin 
or mucous membranes was always the site of a brisk 
hemorrhage. Injections of a solution of brain extract 
and a preparation of vitamin K were seldom successful 
in controlling the bleeding; he received three trans- 
fusions. He died suddenly, apparently in a seizure. 

Autopsy. — General Observations; The skin and sub- 
cutaneous tissues of the face, neck, trunk and ex- 
tremities showed pitting edema. Pigmented areas and 
sebaceous adenomas occurred on the face, as well as 
many healed scars on both lower extremities. The usual 
incision in the scalp bisected a plaque measuring 4 cm. 
in diameter and 0.5 cm. in thickness, of orange color 
and granular appearance, situated immediately to the 
right of the midline. Here and there in the plvaria 
could be seen areas, roughly circular in outline and 
varying from 0.3 to 1.5 cm. in diameter, of a deeper 
yellow than the surrounding bone; however, there was 
no change in the consistency of the bone. When the 
calvaria was removed, these areas were more trans- 
lucent to light than the surrounding bone (fig. 1 B). 
On the inner surface, each of these areas was more 
grayish and was slightly indented below the level of 


ing size and shape, some of which resembled striated 
muscle. Other cells were not differentiated, and a few 
large multinucleated cells were seen. In the main, the 
tumors were fairly tvell differentiated and well encap- 
sulated ; they contained many thick-walled blood vessels. 

The pathoanatomic diagnosis was rhabdomyomas of 
the kidneys, adenoma sebaceum, degenerating hematoma 
of the scalp, focal subacute hepatitis and pulmonary 
edema. 

A roentgenogram of the calvarium (fig. 1 C) showed 
that the large areas of increased density seen in the 
roentgenograms of the skull were located within the 
calvaria. A roentgenogram of the brain after fixation 
(fig. 1 D) demonstrated that the islands of increased 
density which had been seen in roentgenograms taken 
during life and in roentgenograms of the calvaria were 
not visible. The calcified area seen in the posterior 
fossa in the roentgenograms of the skull was in the 
cerebellum. 

Two buttons of bone were removed, each 2.5 cm. in 
diameter and each containing one of the areas in ques- 
tion, as confirmed by subsequent roentgenograms. These 
were examined by Dr. Carl V. Weller, of the depart- 
ment of pathology, University Hospital, Ann Arbor, 
Mich. His report follows. 



Fig. 2 (case 1). — Low power photomicrograph of a section from one of the islands of bone removed from 
the calvaria. Hyperostosis of the inner table and of the trabeculae of the diploic spaces is demonstrated. The 
normal bone marrow has been replaced by fat. 


the surrounding bone. The dura was approximately 
twice the normal thickness. 

The abdominal cavity and the pericardial sac con- 
tained increased amounts of clear, straw-colored fluid. 
The spleen was large and boggy, weighing 260 Gm. 
The surfaces of ‘both kidneys were studded with many 
small yellow tumors, varying from 0.3 to 1.5 cm. in 
diameter. At the upper pole of the right kidney there 
was a larger tumor mass, approximately the size of a 
silver dollar and 1 cm. in thickness. Two small sub- 
capsular cysts were seen in the left kidney; within the 
substance df the ,left kidney was a tumor nodule, about 
1 cm. in diameter. 

Histologic Study (Dr. H. E. Cope, Michigan Depart- 
ment of Health) ; The lesion of the scalp was an old 
degenerating hematoma. A pigmented area from the 
right cheek contained numerous sebaceous glands, about 
which there was an inflammatory reaction of moderate 
intensity. The lungs exhibited moderate edema. Some 
sections of the liver contained many focal areas of infil- 
tration with round cells and a moderate number of 
polymorphonuclear cells. This focal reaction was not 
periductal. The appearance of the spleen was not un- 
usual. The renal tumors were made up of cells of vary- 


“The dense patches in this bone were areas of osteo- 
sclerosis, in which the marrow spaces of the cancellous 
bone of the diploic area had largely disappeared, owing 
to a concentric development of bone on the previous 
trabeculae (fig. 2). There was no evidence of neoplasm. 
It was evident that in the region of osteosclerosis the 
marrow was fatty instead of cellular. I am not pre- 
pared to make any suggestion as to why one region, 
rather than another, was selected for this change.” 

Brain; The brain was examined by Dr. Nathan 
Malamud, of the laboratory of neuropathology at the 
Neuropsychiatric Institute, Ann Arbor, Mich. His re- 
port follows. 

“Gross examination: The brain was rather small. 
The leptomeninges were delicate, and on their removal' 
the convolutional pattern of the brain was observed to 
be interrupted by pearly white, slightly raised, nodular 
patches of varying size, which were cartilaginous and 
hard, with roughened surface and occasionally umbili- 
cated centers. These patches were scattered indiscrimi- 
nately over the entire cerebrum but were most 
numerous in the frontal lobes. On the right side five 
nodules were noted in the superior frontal gyrus- one 
each in the orbital, middle and inferior frontal ^ri- 
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one in the postcentral gyrus parasagittally, and two in 
the angular and the lateral occipital gyrus respectively. 
On the left side, there were five nodules in the superior 
frontal gyrus, two in the middle frontal gyrus, one in 
the precentral gyrus, one in the superior parietal gyrus, 
one in the supramarginal gyrus, two large nodules in 
tlie middle temporal gyrus and one in the inferior tem- 
poral gyrus. No definite nodules could be made out on 
the inferior and median surfaces of the hemispheres. 
On section, the nodules were distinguished by their 
white surface and grayish centers, with poor demar- 
cation between the cortex and the white matter. There 
was moderate hydrocephalus, and the ventricles were 
studded along their surfaces with numerous tumor 


the areas of increased density in question are 
situated in the calvaria. A brief summary 
follows. 

Case 2. — A woman aged 29, an Austrian Jew, had a 
feebleminded grandfather and two feebleminded sisters, 
neither of whom had convulsions or presented facial 
lesions. She had had a great number of grand and 
petit mal seizures since the age of 11 years. She had 
never talked, fed or dressed herself and was untidy. 
Her mental development was that of an idiot. She was 
physically underdeveloped and resistive; she usuallj’- sat 
cross-legged and made stereotyped rocking movements. 
Sebaceous adenomas were present over the face. She 



Fig. 3 (case 2). — A, roentgenogram of the skull in lateral projection, demonstrating the characteristic islands 
of increased density. B, roentgenogram of the calvaria (vertical projection). The islands of increased density 
seen in A are here present. C, roentgenogram of the brain after fixation. The islands of increased density are 
not visible. 


nodules, resembling candle gutterings. The brain stem 
and the cerebellum were not grossly altered. 

“Histologic examination; Tuberous nodules in the 
cortex showed characteristic delamination, decrease in 
the number of neurons, extensive gliosis and monster 
nerve and glial elements spreading into the white matter. 
Examination of the subependymal tumors showed ex- 
tremely fibrous spongioblastomas, with considerable 
calcification. There were a few greatly calcified cere- 
bellar nodules. 

“T3ie diagnosis was tuberous sclerosis.” 

An additional case (mentioned as case 2 in 
the previous paper ') likewise demonstrated that 


walked on everted feet. Both kidneys were palpable, 
the left seeming to be of normal size and' the right 
slightly enlarged. The external rectus muscles tvere 
weak. Far out on the temporal portion of each ocular 
fundus were deposits of pigment, suggesting old chorio- 
retinitis. On the medial margin of the patch in the right 
eye was a small, round, yellowish lesion rvith a nodular 
appearance. Neurologic examination revealed nothing 
abnormal. 

Laboratory Data . — A complete blood count, a Kahn 
test of the blood and examination of the spinal fluid 
gave normal results. The urine contained a trace of 
albumin and a few granular casts. A biopsy specimen 
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taken from one of the facial lesions was diagnosed as the brain itself. Gottlieb and Lavine reported 


“adenoma sebaceum.” 

Rociitgcnographic Findings.— Roentgenograms of the 
skull (fig. 3 A) showed patchy zones of increased density 
in the cranial vault, but there was no evidence of intra- 
cranial calcification. The flat bones of the skull were 
relatively thick. There appeared to be diminution in 
volume of the cranial cavity, similar to that seen in , 
microcephaly. Pneumoencephalograms showed a gen- 
eralized atrophj’- or hypoplasia of the brain. 

Course in the Hospital. — Seizures recurred at irregu- 
lar intervals. In the course of a year both kidneys, 
particularly the right, became considerably enlarged. 
The patient died of bronchopneumonia following a 
series of seizures. 

Autopsy. — Examination of the brain post mortem con- 
firmed the clinical diagnosis of tuberous sclerosis with 
subependymal tumors in the ventricles. Both kidneys 
were considerably enlarged ; histologic examination gave 



thickening of the tables of the skull and a peculiar 
mottling, with indistinct islands of increased den- 
sity alternating with areas of rarefaction.- Yak- 
ovlev and Corwin attributed these areas of 
increased calcification to degenerative changes at 
the periphery of the tuberous nodules in the 
cerebral cortex. 

My present study demonstrates that Dalsgaard- 
Nielsen’s first statement was essentially correct. 
Figure 2 shows that the increased radiopacity 
was due chiefly to hyperostosis of the inner 
table of the calvaria, although the hyperostosis 
was not limited to that structure alone. The 
material obtained at autopsy in all 3 cases re- 
ported in the previous paper, as well as in the 





Fig. 4.— Line drawings showing the location of the cortical nodules in the cerebrum and of the involved areas 
ill the calvaria. The cortical nodules indicated by cross hatching lay immediately beneath islands in the calvaria. 


a diagnosis of rhabdomyomas undergoing extensive fatty 
degeneration. A single roentgenogram of the calvaria 
taken in the vertical projection (fig. ZB) confirmed the 
impression that there were patchy zones of increased 
density in the cranial vault. A single lateral roentgeno- 
gram (fig. 3 C) of the brain after fixation showed no 
demonstrable calcification. 

COMMENT ■ 

111 previous publications, widely varying opin- 
ions have been expressed as to the nature and 
location of the characteristic calcifications seen 
in roentgenograms of the skulls of patients with 
tuberous sclerosis. Dalsgaard-Nielsen stated 
that some of them tvere purely hyperostotic for- 
mations of the internal lamina ; he expressed the 
belief that others were apparently located within 


present case, showed small calcareous deposits 
throughout the subependymal nodules and basal 
ganglia; they Avere present in 80 per cent of 
the roentgenograms in the entire series of cases. 
Other investigators, as well as my colleagues 
and I, have mentioned that these deposits might 
be confused with other calcifications in the glomus 
of the choroid plexuses, basal ganglia and pineal 
body. They were not seen in the present case, 
either in roentgenograms obtained during life 
or in the roentgenograms of the brain after fixa- 
tion. HoweA^er, these deposits, Avhen visible in 
roentgenograms, in no Avay resemble the larger 
areas in question and are not apt to be confused 
Avith them. \ 
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I am unable to demonstrate aii}’- rarefaction 
of the bone surrounding the islands of increased 
densit}^ as suggested by Gottlieb and Lavine. 
If such areas were present, one would expect 
them to be less translucent to light than the 
surrounding bone ; figure 1 B shows the reverse 
to be true. It appears that the increased trans- 
lucency is due to two factors: (1) a diminu- 
tion in the thickness of the bone in these areas 
and (2) replacement of normal bone marrow 
by fat in the involved areas. The latter also 
accounts for their gross appearance of being 
slightly more yellow than the surrounding bone. 

Dalsgaard-Nielsen stated his belief that most 
areas of calcification were present within the 
neoformations of the cortex but that the hy- 
perostoses in the internal lamina were indepen- 
dent processes ; admittedl}^ they might arise from 
the local irritant action of adjacent tumors. I 
have recorded as closely as possible by line draw- 
ing (fig. 4) the location both of the islands of 
increased density in the calvaria and of the 
cortical nodules in the cerebrum. In a majority 
of instances the bony islands overlay cortical 
tumors. It is likely that if a more accurate 
record had been made at autopsy this relation 
would be more impressively demonstrated. 

The “multiple brain stones” of Yakovlev and 
Corwin, as demonstrated in the roentgenograms 
shown in their article, cannot be accounted for 
by the calcareous deposits shown in their illus- 
tration of calcification, either in a subependymal 
nodule or in the white matter underlying a 
tuberosclerotic nodule in the cortex. I am un- 
able to find that either of their photomicrographs 
was of autopsy material derived from the cases 
in which roentgenograms are shown. Calcifica- 
tion, to produce the typical roentgenographic 
appearance, would have to occur on the surface 
of the cortical nodules. My colleagues and I 
have not seen calcification within the "potato 
patches” or adjacent white matter in any of 
our 5 cases of tuberous sclerosis in which au- 
topsy has been performed although 2 patients 
were well past the age of puberty ; characteristic 
roentgenographic changes were present in 3 cases. 


In our previous paper, Ross and I reviewed 
the cases of 12 patients from the Caro State 
Hospital, together with that 'of a new patient 
since admitted, whose roentgenograms of the 
skull showed the typical islands of increased bone 
density. No means were available by which 
the age at which the islands became visible in 
roentgenograms could be determined. " How- 
ever, the patients at the time the islands were 
discovered were all beyond the age of 10 years, 
the patient in the present case being the young- 
est. Of the 10 patients from the Caro State 
Hospital, together with 1 patient since admitted, 
in whose roentgenograms of the skull the islands 
were not seen, 7 were below the age of 8 years ; 
the remaining 4 patients were 12, 17, 18 and 36 
years of age respectively at the time of examina- 
tion. It is likely, as suggested by Yakovlev and 
Corwin, that the appearance of these islands of 
increased density is in some way related to the 
changes of puberty. None were seen before 
that age, and they were present in 13 (76 per 
cent) of the 17 patients examined who were 
at the age of puberty or older. We have no 
comment to offer at this time with regard to 
the significance of this observation. 

SUMMARY 

The chief roentgenographic sign of tuberous 
sclerosis, that of patchy zones of increased den- 
sity in the skull, is located in the calvaria. The 
roentgenographic appearance of these islands is 
due to structural changes in the bone, namely, 
hyperostosis not only of the inner table but also 
of the trabeculae of the diploic spaces. In addi- 
tion to the hyperostotic changes, the calvaria is 
diminished in thickness, and the normal marrow 
is replaced by fat, rendering the involved areas 
more translucent to light and visible to the eye. 
There is no rarefaction of the surrounding bone. 
Many, if not all, of these islands overlie tuberous 
nodules in the cerebral cortex. The appearance 
of the islands of increased density seems to be 
in some way related to the changes of puberty; 
the reason for their appearance at this time 
remains unknown. 

Caro State Hospital for Epileptics. 
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HEMIFACIAL SPASM 


review of one hIjndred- and six cases 
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Hemilacial spasm is a mmor. but distressing, 
neurologic disease. The records of 663 patients 
seen at the Mayo Clinic for various unwonted 
..movements of the' face have been reviewed; of 
t ese, 106 had cryptogenic hemifacial spasm. 
AVhile we have been primarily interested in clari- 
fying the prognosis, many other aspects of the 
disease are not generally recognized and will be 
dealt with. 

Our reason for choosing the term hemifacial 
spasm from the many terms ^ available to de- 
scribe this condition is simple. The disorder 
is a spasm that characteristically affects half the 
face. The alternate term facial hemispasm is 
incorrect because it is half the face which is 
affected by spasm, rather than half a spasm of 
the face. 

Before the eighteenth century the term tic was 
applied to all abnormal movements of the face. 
Andi'e - first used the term tic douloureux for 
grimacing disorders of the face that were accom- 
panied by pain, and the tics came to be separated 
into those which were painful and those which 
were not. Trousseau ^ separated from the larger 
body of painless movements those of a compul- 
sive sort, and Charcot “ demonstrated the sig- 
nificance of the pS 5 '^chic factor in this type. 

Gowers ^ gave a description of facial spasm 
which leaves no doubt in the mind of the reader 
concerning his separation of tic from spasm and 
his segregation of hemifacial spasm from other 
spasms and convulsions. He stated that the 


spasm was usually clonic, that the orbicularis 
oculi was the muscle most often affected, that 
the frontalis muscle was rarely, involved, that 
spasm of the stapedius muscle may be noted, 
that the spasm is met with only in adults, that 
ill most of the cases the patients are women, 
that the spasm bears no relation to hysteria and 
that emotion and voluntary facial movements 
increase the spasm. Gowers did not ascribe 
much importance to reflex causes, as did Rom- 
berg,'^ and he discounted the importance of uterine 
disturbance's and of von Graefe’s ° tender points 
in the distribution of the trigeminal nerve. 

CAUSE OF THE SPASM 

There has been much speculation on the prob- 
able site of the lesion responsible for hemifacial 
spasm. Previous to the turn of the century, a 
number of communications reported the occur- 
rence of tumors and inflammations ’’ in cases in 
which facial twitchings occurred, but such a 
causative agent is not common. 

Of interest is the report of Gilbert, Cadiot 
and Roger - describing a dog that had spasmodic 
twitches of one ear considered to be similar to 
facial twitches in man. Successive removals of 
cortex, corpus striatum and cerebellum failed 
to affect the twitches, but destruction of the homo- 
lateral facial nucleus abolished them. Eight years 
later Habel ® recorded the case of a woman who 
did not experience any change in a hemifacial 
spasm after the development of homolateral hemi- 
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plegia from cerebral Vascular disease. The in- 
ference to be drawn was that the lesion lay in 
the nucleus of the facial nerve or distal to it. 
Babinski ® expressed the opinion that the lesion 
is an irritative one in the peripheral course of 
the seventh nerve. 

Some authors have claimed that the lesion 
was in the facial representation of the cortex ; but, 
as Russell said, that hemifacial spasm should 
be “repeated time after time and year after year, 
and be confined to the anatomical distribution 
of a single nerve without further spread, and 
without causing even temporary paresis follow- 
ing the spasms, is contrar}'^ to the best established 
doctrines of discharging lesions of the cortex. 
. . . the most probable view is . . . that 

the facial nucleus in the pons is the starting point 
of the discharges which result in the spasms.” 

A historically important view is one ascrib- 
ing the abnormal movements to “reflex irrita- 
tion.” Brissaud- proposed that the term “spasm” 
be limited to “the result of sudden transitory 
irritation of any point of a reflex arc.” He 
expressed the opinion that “reflex irritation” 
(in the distribution of the trigeminal nerve) 
explains a large body of facial spasms. Hunt 
sponsored the view that the twitching was due to 
irritation of the afferent S)'Stem of the facial nerve. 
Wilson pointed out that afferent stimulation 
seldom produces the continuous spasms observed 
clinically but that it is possible that irritation of 
the facial nerve itself might result in antidromic 
conduction to the nucleus with the production 
of some abnormal condition there, which might 
then produce the spasms. However, he favored 
the Anew that direct irritation of the nerve or of its 
nucleus lay behind the spasm. The tendency for 
the development of contracture and Aveakness in 
the affected side of the face in cases of a long- 
standing condition led Harris and Wright to 

9. Babinski, cited by Gordon, A. : Convulsive Move- 
ments of the Face : Their Differential Diagnosis ; 
Effect of Alcoholic Injections, J. A. M. A. 58:97-102 
(Jan. 13) 1912. 

10. (a) Dorrance, G. kl. : New Method of Injecting 

Facial Nerve for Relief of Facial Spasm, J. A. M. A. 
67:1587-1589 (Nov. 25) 1916. (b) Gordon, A. : Tic 

and Spasm of the Face : Differential Diagnosis ; Effect 
of Alcoholic Injections, Tr. Coll. Physicians Philadel- 
phia 34:313-321, 1912. (c) Ross, J. : A Treatise on 

the Diseases of the Nerr-ous System, New York, 
William Wood & Co., 1881, vol. 1. Romberg.^ 

11. Hunt, J. R. : The Sensory System of the Facial 
Nen-e and Its Symptomatologv, J. NerAA & Ment. Dis. 
36:321-350 (June) 1909. 

12. Wilson, S. A. K. ; N'eurology, Baltimore, 
Williams & Wilkins Company, 1940, vol. 1. 

13. Harris, W., and Wright, A. D. : Treatment of 
Clonic Facial Spasm: (a) By Alcohol Injection; (b) 
By Nerve Anastomosis, Lancet 1:657-662 (March 26) 
1932. 


the conclusion that the essential lesion is in the 
loAver facial neuron. 

OBSERVATIONS 

, No case Avas accepted for this study in aaHcIi 
there Avas eAudence of a gross pathologic lesion 
in the posterior fossa or the peripheral course 
of the facial nerve. We are impressed with the 
ease Avith Avhich hemifacial spasm may be differ- 
entiated from other twitching disturbances of 
the face. 

I 

Age. — The ages of onset ranged from 17 to 
70 years, Avith a mean age of 45 years and a 
standard dcAuation of 12 )^ears. There Avas no 
difference in the ages of onset in the tAvo sexes. 
No report Avith Avhich Ave are familiar records 
a case in Avhich the age of the patient AA’^as less 
than 20 years. One of our patients began to 
experience the spasms at the age of 17; another, 
at 19, and a third, shortly after her tvA^entieth 
birthday. 

— Sixty-four of our patients Avere Avomen, 
and 42 Avere men, thus confirming the observa- 
tions of other authors regarding the sex 
distribution. 

Side of Face Affected. — In neither sex Avas 
one side of the face affected more often than 
the other. < 

Location- at Onset. — For 7 patients Ave have 
no definite information as to the exact location 
of onset of tire twitching. In all but 9 of 
the remaining 99 patients the muscles of the 
eyelids Avere involved early. Sixt3’^-nine patients 
described their spasm as beginning in the eyelids ; 
7 patients, in the upper lid, and 18 patients, in 
the lower lid alone, Avhile in 21 patients the in- 
volvement ranged from the eyelids and “quiA’-er- 
ing in the ear drum” to tAvitching of the Avhole 
side of the face. The reason for the high inci- 
dence of early inAfolvement of the lids is not 
knoAvn. Gowers * explained the proneness to 
spasm in the orbicularis oculi muscle by saying 
that the “motor mechanism of this muscle is 
more sensitiA>'e, in consequence of its energetic 
reflex action.” Oppenheim and other authors 

14. Remak, E. : Localized Spasm, in Church, A. : 
Diseases of tlie Nervous System, New York, D. Appleton 
and Company, 1910, pp. 933-959. Gowers.'* RusselL''* 

15. Oppenheim, H. : Textbook of Nervous Diseases 
for Physicians and Students, ed. 5, translated by A. 
Bruce, New York, G. E. Stechert & Company, 1911, 
vol. 2, p. 1237. 

16. Adson, A. W.c Neurosurgical Treatment of 
Muscular Spasms and Spastic Painful and Trophic 
Lesions of the Extremities, S. Clin. North America 13: 
895-904 (Aug.) 1933. 
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cLcceptcd tills explanation ^VltllOllt modification- 
In 9 of our patients the spasms did not start in 
the eyelids, and in 2 of these persons the lids 
never became involved. 

Spread of Spasm— The spasm usually spreads 
to adjacent muscles first, perhaps as a result of 
involvement of the corresponding and contigu- 
ously placed nerve cells in the nucleus of the 
nerve. Possible exceptions were the 9 patients 
who had only twitching of the orbicularis oculi 
'muscle and drumming, popping or “motor boat” 
noise in the ears and the 21 patients who had 
only spasms of the platysma and orbicularis 
muscles. Thirteen patients eventually suffered 
from spasms of all the muscles of one side of the 
face, but, curiously, only 1 of these heard noises 
in the ear. Sixteen patients of the entire group 
did not note any spread of the spasm after the 
onset. 

Bilateral Spasm. — Six patients, 5 of them 
women, had bilateral spasms. The time interval 
between onset on one side and onset on the 
other ranged from less than a year to fifteen 
years. In no patient were the spasms synchro- 
nous or symmetric, and in none did the severity 
or extent of the spasms on the side secondarily 
involved overtake those on the side primarily 
involved. 

Type of Spasm. — The lay term “twitching” de- 
scribes the movements rather well. They consist 
of an intermittent and wholly irregular series of 
single muscle twitches, coming in rapid sequence 
and involving but a fraction of the muscle fibers 
of any one muscle in any one twitch. Twenty-one 
patients suffered from both twitches and sus- 
tained spasm, and in most of the attacks the 
twitchings increased periodically in frequency and 
intensity until, at the climax, there was a sus- 
tained spasm, lasting from a few seconds to a 
minute. In 1 patient the onset was with sus- 
tained spasm, followed by twitching. Four pa- 
tients had sustained spasms alone, and the dura- 
tion of these spasms ranged from a few seconds 
to five minutes, the length of the spasm being 
fairly constant in each patient. 

Persistence hi Sleep. — Twelve patients re- 
ported that the twitching had been observed in 
sleep, and 5 of these patients complained that 
on occasion they had been awakened by the 
twitching. Thirty-nine patients had been ob- 
served in sleep and reported that spasms were 
then absent. 

Remissions. — Nine patients experienced one 
or more periods of complete freedom from spasms, 
lasting from a few weeks to three years. One 
of these patients experienced a three year period 


of freedom following gastroenterostomy. An- 
other patient had two years of freedom following 
refraction and use of glasses. 

Provocative Circumstances. — Circumstances 
said by the patients to increase the severity of 
the spasms or to precipitate their appearance 
occurred with the following frequencies : nervous 
tensions of various sorts, 54 patients; fatigue, 
29 patients; voluntary movement of the face, 
23 patients; “excessive” use of the eyes, 11 pa- 
tients; being under observation by others, 9 pa- 
tients ; being with other people, emotion, thinking 
and talking about the spasm, and menstruation, 
4 patients each; concentration, 3 patients; quiet 
and cold, damp weather, 2 patients each; warm 
weather, shaving, trying to go to sleep, coitus, 
talking to “ijothersome people,” excessive smok- 
ing. constipation, loss of sleep and eating sweet 
and sour foods, 1 patient each. It is apparent' 
that psychic factors have considerable influence 
on these spasms ; yet the influence is of such a 
character, as will be pointed out later, that it 
does not cause confusion with the true tics. 

Ameliorating Circumstances.— Only 21 pa- 
tients had discovered circumstances which defi- 
nitely benefited them. Among these circum- 
stances were solitude, pressure below the lobe 
of the ear, massage, fatigue, work, relaxation, 
plenty of sleep, quiet, going away from home, 
physical activity, coitus, being outdoors and read- 
ing an interesting book. Three patients claimed 
to have some voluntary control of the spasms. 
The story was the same for all: An effort to 
relax the face resulted in momentary and slight 
diminution of spasm. 

Neurologic Examination. — In 41 of our pa- 
tients some abnormality was noted in addition 
to the spasms. Facial weakness and contracture 
were observed rather frequently. Weakness was 
noted in 16 patients, and only on the side of 
the spasm, except in 1 patient, who had had 
Bell’s palsy of the opposite side several years 
previously. The importance of contracture has 
been mentioned in reports dealing with the 
treatment of the spasm by interruption of the 
nerve, since the contracture prevents the palsy 
from being as disfiguring as it might other- 
wise be. 

Partial deafness was another rather frequent 
finding. In 14 patients hearing was impaired 
on the side involved by spasm; in 3 patients 
there ^ was deafness on the opposite side, and 
1 patient v as somewhat deaf in both ears, but 
more so on the side of the spasm than on the 
opposite side. 


1/. Loleitian, C. C. : 


c Vi-—- Surgical Treatment of Facial 
Spasm, Ann. Surg. 105:647-657 (May) 1937. 
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Two patients complained of vertigo. One of 
these patients had had vertigo for a number of 
years before the onset of the spasm. Five years 
later the vertigo disappeared without treatment, 
but not so the spasm. The other patient had 
a single attack of vertigo two weeks after the 
onset of the spasm. Two patients had a homo- 
lateral increase of lacrimation. 

Two patients had pupillary irregularity ; 3, an- 
isocoria; 1, faulty convergence; 2, tremors of 
the extremities, and 1, cogwheel rigidity of the 
contralateral arm. Two patients exhibited dimi- 
nution of the homolateral corneal reflex without 
demonstrable weakness of the orbicularis muscle. 
Encountered in 1 patient each were occasional 
numbness of the homolateral side of the upper 
lip, mild numbness of the face associated with 
the more severe twitches, homolateral pathologic 
plantar reflexes, contralateral pathologic plantar 
reflexes, contralateral superior laryngeal paraly- 
sis, diminution of vibratory sensibility in the 
homolateral leg, diminution of taste on the homo- 
lateral side of the tongue, weakness of the homo- 
lateral side of the tongue and diminution of the 
ankle jerk and of vibratory sensibility in the 
contralateral leg. 

One of our patients was hemiplegic and re- 
sembled the patient described by Habel.® She 
suffered from hypertension and began to have 
left hemifacial spasm at the age of 43 years. 
Five years later a stroke resulted in severe left 
hemiplegia, which included the face. The spasm 
was affected thereby little, or not at all, and when 
the patient was observed at the clinic a year 
later the hemiplegia and an unabated hemispasm 
of the face were still present. 

Pathologic Study . — No patient died while 
under our observation, and therefore we have 
no necropsy observations to report. Wilson 
was not aware of any instance in which the brain 
of a patient with this condition had been sub- 
jected to examination by modern pathologic tech- 
nics. Either investigators in the past did not 
note anything to account for the spasms, or they 
encountered gross progressive lesions, such as 
tumors and aneur)rsms. Hemifacial spasm is a 
thing apart from s)TOptomatic facial twitchings 
due to irritation by such lesions. 

Associated Diseases . — It has been suggested 
that hemifacial spasm is in some instances a 
manifestation of encephalitis. In 1910 Russell 
stated that the condition was rare before the age 
of 45 years. About half of our patients were 
less than this age. If encephalitis is a prominent 
cause, it would explain the high incidence of 

IS. Gordon.i®i> Harris and Wright.^® 


the condition among our patients in the younger 
age group, since the pandemic of encephalitis at 
the close of the war of 1914-1918 affected our 
group, but not Russell’s. One might expect to 
find, also, a significant time relation in our cases 
with respect to the years of prevalent enceph- 
alitis. Forty of our 106 patients gave a history 
of having had influenza and the related illnesses 
in the period from 1919 to 1923. The percentage 
of patients giving a history of influenza was 
essentially the same for each half-decade of onset ; 
and there was no peak at a certain interval after 
the pandemic, as would be expected if this factor 
were operative. Neither was the age of onset 
in the group giving a history of influenza different 
from that of the group as a whole. Only 1 patient 
gave a straightforward story of hemifacial spasm 
originating in an episode suggestive of encepha- 
litic disorder. 

Forty-one patients had anatomic evidence of 
arteriosclerosis. Thirty-seven of 92 patients 
whose eyegrounds were examined had evidence 
of arteriosclerosis there, but in 7 patients the 
changes were slight and were not associated 
with hypertension. Four patients had evidence 
of coronary or peripheral sclerosis. None of 
these patients was less than 35 years of age. 
Fortunately, for our purposes, a previous study “ 
had been made of the blood pressures of nearly 
1,000 patients who had registered consecutively 
at the clinic. The accompanying table compares 
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the data for the blood pressures of this random 
group and the pressures for patients who had 
hemifacial spasm. It is barely possible that 
hypertension is more common among patients 
with spasm who were less than 50 years of age 
than among other patients of the clinic of cor- 
responding age (who probably have a higher 
incidence of hypertension than the population 
at large), but statistically the difference is not 
significant. 

19. Braasch, W. F. ; Walters, W., and Hammer, H. J. t 
Hypertension and the Surgical Kidney,. J. A. M. A. 
115:1837-1841 (Nov. 30) 1940. 
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Remak^^ associated migraine with hemifacial 
spasm in his account of the condition. Thirty 
of our patients had headaches of varying descrip- 
tions, and for 16 of these a diagnosis of migraine 
was made. The association remains obscui*e. 

As a condition associated with hemifacial 
spasm some authors have mentioned trigeminal 
neuralgia. Three patients in our series had hemi- 
facial spasm associated with trigeminal neuralgia. 

A woman, aged 70 when she came lo the clinic, had 
begun to have trigeminal neuralgia of the right side of 
the face at the age of 55 years. Ten years later there 
developed rapid and intermittent twitches of the 
muscles of the right side of the face, which were_ more 
pronounced about the angle of the mouth and in the 
platysma muscle than elsewhere. Section of the pos- 
terior root of the affected trigeminal nerve gave com- 
plete relief of pain but only slight diminution of the 
severity of the spasm. 

A man aged 21 had had trigeminal neuralgia of the 
right side of the face for fifteen months. Injection of 
alcohol into the fifth nerve gave complete relief for four 
years, when the pain returned in identical form. After 
about three months he noted slackening of the pain, 
though he was not undergoing any treatment, and as the 
pain disappeared there began an intermittent twitching 
of the right eyelid, which continued without modification 
for eighteen months. 

A woman, aged 60 when she came to the clinic, first 
had noted twitching of the left eyelids at the age of 45. 
This continued without significant change for thirteen 
years, when there began typical neuralgic pains in the 
mandibular division of the left trigeminal nerve. 

It will be noted that in each case the spasm 
was on the side of the face involved by the neu- 
ralgia, a curious association mentioned by Harris 
and Wright.^^ In the first case the neuralgia 
antedated the spasm by ten years; in the third 
case the spasm antedated the neuralgia by thir- 
teen years. It is also of interest that in the first 
case, even though the pain was relieved, the 
spasm persisted. The slight improvement of 
the spasm may be accounted for by the disap- 
pearance of the pain and attendant worry, which, 
like any other discomfort or unnerving experi- 
ence, may exaggerate an established spasm. 

Injuries of the facial nerve of one sort or 
another have been said to be related etiologically 
to hemifacial spasm.-^ Movements resulting from 
faulty regeneration of a damaged facial nerve 
must be distinguished from hemifacial spasm. 
Our series included 3 patients whose spasm was 
preceded by facial paralysis. Two of these pa- 
tients had the hemifacial spasm on the side that 
had been paralyzed, but there was nothing about 
either condition to suggest that the twitchings 
were of the associated movement type. In the 
third patient -the spasm developed on the side 
opposite that previously paralyzed, and the faulty 

20. Harris and Wright.i^ Oppenheim.i^ 

21. Romberg.s Russell.-a Gordon.ioiJ Harris and 
Wright.i3 


regeneration on the side that had been paralyzed 
verified the patient’s story. 

Six patients of the series were psychoneurotic. 
Five patients were rather definite in ascribing 
the onset of the twitching to psychic causes. 
These included a broken engagement, persecu- 
tion as pro-German in 1917 and difficulties with 
husband and children. 

' OTher diagnoses of associated diseases in the 
patients of this series were ; obesity, 8 patients ; 
infection of teeth, tonsils or pi*ostate, 6 patients ; 
cerebral arteriosclerosis, 4 patients ; benign fron- 
tal hyperostosis, 3 patients; meningovascular 
syphilis, 2 patients; latent syphilis, 2 patients, 
and diabetes, 2 patients. One patient was found 
to have a concentration of calcium of 8.5 mg. 
per hundred cubic centimeters of serum but was 
not benefited by the elevation of the concentra- 
tion to 12 mg. 

DIAGNOSIS 

Hemifacial spasm is a condition which, in the 
great majority of cases, may be diagnosed with- 
out difficulty provided the various simulating dis- 
orders are kept in mind. Of importance in clin- 
ical recognition are the following characteristics : 
1. The spasms are of an intermittent twitching 
nature, such as might be encountered in inter- 
mittent faradization of the facial nerve. 2. The 
eyelids on the side are almost always involved. 
3. The spasms are usually unilateral, and when 
they are bilateral they are not synchronous or 
equal in extent or severity. 4. The spasms may 
persist in sleep. 5. The patient does not feel 
an}'- compulsion to make the movement. 6. The 
patient is unable to stop the movement by exer- 
cise of the will. 7. The patient cannot reproduce 
the movements voluntarily — especially is he un- 
able to approach the speed with which the fine 
twitchings occur. 8. Psychic upsets of any sort, 
fatigue and voluntary movements of the face 
make the spasms worse. 9. Children do not 
have hemifacial spasm. 10. The spasms are lim- 
ited to the muscles innervated by the facial nerve. 

Symptomatic spasm due to gross disease in 
the posterior fossa or along the course of the 
seventh nerve is recognized by the presence of 
other signs, in addition^ to those associated with 
hemifacial spasm. True tic is distinguished by 
the involvement of muscles other than those re- 
ceiving innervation from the seventh cranial 
nerve, _ by its frequent onset in childhood, by 
its variability, b)'^ the substitution of one tic for 
another, by the ease with which the spasm may 
be reproduced voluntarily, by the fundamental 
compulsion that the patient feels to make the 
movement, by the essentially purposive character 
of the act and by the ability of the victim to 
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control the movement for a short period. The 
facial grimace of trigeminal neuralgia is present 
only with the pain. Facial paraspasm is sym- 
metric, bilateral and predominantly tonic, often 
affecting the tongue and other bulbar muscles 
and often ceasing when the patient whistles, sings 
or chews some object, such as a toothpick.-- 
Jacksonian epilepsy may show postconvulsive 
paresis and .gross and clonic contractions, rather 
than rapid fine twitches and occasional spread 
of the convulsion. ’ Faulty regeneration sequen- 
tial to trauma of the facial nerve is recognized 
by the history of facial paralysis prior to the 
onset of the spasm and the simultaneous occur- 
rence of slight twitches in some other part of 
the face associated with voluntary or emotional 
movements of another part. 

TREATMENT 

If one were to estimate the number of the 
various therapeutic procedures recommended at 
one time or another for hemifacial spasm, it is 
likely that the figure would compare not un- 
favorably with a similar total for any other 
disease of man or beast. Gowers’ * list is repre- 
sentative. The variety of medicines tried with 
our series of patients is sufficient evidence that 
none was of outstanding beiiefit. One large 
group of patients received a mild sedative and 
was advised that more rest was in order. An- 
other group received drugs of the belladonna 
series, and a few patients, ephedrine, sedatives 
and vaccines in addition. Other measures in- 
cluded reduction of weight and administration 
of benzedrine, iodides and diphen 3 dhydantoin 
(dilantin) sodium. 

Patients suffered enough from spasmodic dis- 
turbances of the face to undergo surgical opera- 
tions even before the middle of the nineteenth 
century,® for Guerin and Moreau divided nerves 
of the face about 1780, while Dieffenbach ® per- 
formed subcutaneous division of the muscle about 
the orbit, with good results, in a particularly 
stubborn case of hemifacial spasm in 1841. Nine 
of our patients underwent surgical procedures 
of one sort or another, 1 each having retrogas- 
serian rhizotom}^, thj-roidectomy, injection of 
alcohol into the facial nerve and injection of 
procaine h)’drochloride into the facial nerve. The 
procaine was injected preliminar}- to a proposed 
injection of alcohol, but the patient was so dis- 
turbed b}' the resulting palsj' that nothing fur- 
ther was done. Two patients had diseased teeth 
and tonsils removed. Three patients were treated 

22. Parker, H. L. : Bilateral Facial Spasm (Para- 
spasme Bilateral of Sicard), Arch. Xeiirol. & Psvchiat. 
28:1226-1227 (Nov.) 1932. 


by anastomosis of the distal end of the facial 
nerve with the central end of the spinal accessory 
nerve. 

Information is available for 73 patients on the 
results of treatment. Six patients died — stroke, 
cancer and coronary disease being the cause of 
death of the 3 patients for whom the cause is 
known. Thirty-nine patients stated that their 
spasms were unchanged or worse. Twenty-three 
patients reported moderate improvement; 2 of 
these are now dead. Only 8 patients were en- 
tirely relieved; 1 of these is now dead.' Of the 
8 patients whp were relieved of spasm, 3 were 
treated by spinofacial anastomosis, with uni- 
formly satisfactory results. Detailed considera- 
tion of the technic and of the results to be ex- 
pected may be found in the communications of 
other investigators.^® A variety of treatments 
were used for the other 5 patients who reported 
cures. One has been free of spasm for eight years 
after tonsillectomy and vaccine treatment. One 
patient experienced relief two months after leav- 
ing the clinic under a regimen including reduction 
of weight, a hot bath each, night and administra- 
tion of salicylates which had been ordered for 
an unrelated orthopedic condition. One patient 
reported that she had been free of spasm for 
three months after the use of thiamine and ribo- 
flavin, as ordered by her local physician. One 
patient had relief from 1933 until his death, in 
1940, from injection of alcohol into the facial 
nerve. One patient’s spasm stopped without any 
treatment. We are inclined to regard the out- 
come for 3 of these patients as uncertain, since 
a number of other patients experienced remark- 
able remissions only to have the spasms recur. 
It is apparent that little or nothing is to be ex- 
pected from the use of drugs. Sedatives may 
modify the disturbance favorably to a slight 
degree. 

Surgical treatment appears to offer the best 
prospects of obtaining relief and, after conserva- 
tive measures have failed, should be offered to 
more patients than has been done. The patient 
may be told that an operation will relieve the 
spasm completely but at the cost of a variable 
period of complete paralysis followed by a longer 
period during which facial movements are asso- 
ciated with movements of the shoulder or tongue, 
depending on the operation chosen. If a large 
portion of the face is involved in the spasm, 
anastomosis is preferable to injection into the 

23. Gibson, A.: Facial Paralysis, Surgr., Gynec. & 
Obst. 33:472-489 (Nov.) 1921. Phillips, G.: The 
Treatment of Clonic Facial Spasm by Nerve Anas- 
tomosis, !M. J. Australia 1:624-626 (April 2) 1938. 
Gilbert, Cadiot and Rogers.- Adson.^® Coleman.^’^ 
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nerve or neurotomy, but the operation should 
be preceded by a trial of narcotization with pro- 
caine to be certain that the patient understands 
the implications of facial paralysis. Patients 
who have limited spasms, such as persistent 
twitching about the eye, are perhaps best man- 
aged by some sort of local denervation of the 
muscles affected, though we have not tried this. 

COMMENT 

Though abnormal movements of the face may 
be seen with a variety of lesions in the nervous 
system, it is altogether unlikely that hemifacial 
spasm may be caused by lesions in any supra- 
nuclear part of the pathway having to do with 
movements of the face. Our case in which 
hemiplegia, presumably due to capsular infarc- 
tion, failed to affect the spasm and a similar 
case of Habel’s constitute evidence that the lesion 
is not situated in the corticobulbar pathway. It 
is probable that there are other, uncharted, path- 
ways from the higher centers to the facial nuclei, 
since certain patients with supranuclear lesions 
have paralysis of voluntary facial movement but 
not of emotional movement, and it may be pos- 
sible that the spasmogenic lesion lies in these 
other pathways. However, a number of cir- 
cumstances point rather definitely to the final 
common path to the facial muscles themselves 
as the site of the lesion. Perhaps the hardest 
circumstance to gainsay is the invariable con- 
finement of the spasms to the muscles innervated 
by the facial nerve. The lesion in hemifacial 
spasm appears to be progressive, and it is diffi- 
cult to understand why a lesion situated in the 
corticobulbar pathway would fail to implicate 
.other muscles in at least a few cases. The fre- 
quent weakness and contracture of muscles sup- 
plied by the facial nerve speak strongly for dis- 
ease of the lower motor neuron. Finally, there 
is the undeniable fact that gross lesions of the 
lower facial neuron can and do cause a twitching 
of the face very much like, if not actually indis- 
tinguishable from, the twitching of cr 3 'ptogenic 
spasm and that the differentiation of symptomatic 
and cryptogenic spasm must be made on the 
basis of other evidence of disease of the posterior 
fossa or the peripheral nerve. The closest ap- 
proach that can be made to the duplication of 
hemifacial spasm lies in irregular faradization 
of the facial nerve itself. 


It can be stated with some assurance that the 
lesion does not lie distal to the exit of the nerve 
from the stylomastoid foramen, for section at 
this point and anastomosis with another cranial 
nerve result in reinnervation of the face with no 
recurrence of the twitching. Interruption of the 
facial nerve with subsequent regeneration of the 
fibers within the facial nerve itself almost always 
results in return of the spasm. 

It appears, then, that the lesion is somewhere 
between the facial nucleus and the stylomastoid 
foramen. Thorough histologic examination of 
this segment of the facial pathway in a victim 
of hemifacial spasm may settle the question. 

CONCLUSIONS 

On the basis of the study of 106 patients with 
hemifacial spasm among 663 patients with patho- 
logic movements of the face of all sorts, the fol- 
lowing conclusions are drawn: 

1. Women are more often afflicted than men,, 
in the ratio of about 6 to 4. 

2. Children do not have hemifacial spasm. 

3. Encephalitic illnesses or arteriosclerosis, 
with or without hypertension, seldom bears a 
causal relation to hemifacial spasm. 

4. The spasms usually begin in one orbicularis 
oculi muscle and slowly progress to adjacent 
muscles until, in- certain cases, the entire facial 
musculature is involved. 

5. Spontaneous remissions for periods up to 
three years have been noted. 

6. The spasms in almost every case were 
aggravated by circumstances causing nervous- 
ness, fatigue or voluntary movements of the 
face. 

7. No patient was able to stop the spasms 
by an exercise of the will. 

8. Only 5 patients were seemingly cured with- 
out resort to surgical treatment, and 3 of these 
may well be in periods of remission. 

9. Spinofacial anastomosis was performed on 
3 patients, with satisfactory results in all. 

10. There is evidence for the view that the 
lesion causing this condition is in the facial 
nucleus or the proximal portion of the facial 
nerve. 


The Ma3'o Clinic. 
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The longer follow-up period and the larger 
number of patients warrant our present attempt 
to deal with some of the controversial aspects 
of convulsive shock therapy not adequately met 
by earlier studies. 

MATERIAL AND PROCEDURE 

The procedure is essentially similar to that employed 
in our first two studies. i A comparison is made of the 
results obtained with treated and with untreated patients 
\yith affective psychoses who were seen in private prac- 
tice in the five years between July 1, 1938 and July 1, 
1943. Of a total of 278 such patients, 81 were excluded 
because of incomplete or complicating data. Follow-up 
observations were conducted from December 1943 to 
March 1944, by means of telephone, letter or personal 
interview. The follow-up period ranged from six to 
sixty-nine months, with an average of forty months. 

Of the 88 patients treated, the first 58 received 
metrazol and the other 30 were given electric shock 
therapy. The untreated, or control, group included 109 
patients, of whom 43 refused convulsive therapy, 50 had 
symptoms which were too mild to warrant this treat- 
ment and 16 had physical disease which contraindicated 
use of the method. A comparison of the results for 
the treated and the untreated patients favors the con- 
trols with respect to spontaneity of remissions (table 1), 
mainly because of the mild character of the illness of 
many of the untreated patients. All of the treated 
patients, but only 30 per cent of the control patients, 
were hospitalized. All our patients, the treated and the 
untreated alike, were examined and observed over the 
same period by us. 

RESULTS 

Immediate and Follow-Up Residts of Treat- 
ment. 

Presented at the Centennial Anniversary meeting of 
the American Psj’chiatric Association, Philadelphia, 
May 14, 1944. 

1. Ziskind. E. ; Somerfeld-Ziskind, E., and Ziskind, 
L. : Metrazol Therapy in the Affective P.sychoses: 
Study of a Controlled Series of Cases, J. Nerv. & 
Ment. Dis. 95:460 (April) 1942; Convulsive Therapy 
(Aletrazol) in the Affective Psychoses; A Controlled 
Scries Covering a Three-Year Period, Bull. Los Angeles 
Neurol. Soc. 6:43 (June) 1943. 


Table 1. — Comparison of Clinical Data for Patients 
Given Convulsive Therapy and for a Control Series 


Number of Percentage of 
Patients Patients 




Cl 

'C 




eS 














o 

a 

o 

c 

Sex 


D 

£r( 

p 

if ale 

33 

30 

37 

S3 

Female 

Body build 

09 

73 

63 

67 

Pyknic 

6S 

55 

74 

63 

Asthenic 

8 

10 

11 

18 

Athletic 

12 

8 

15 

9.5 

JXi.xed 

Diagnosis 


8 

" 

9.6 

Involutional melancholia 

22 

16 

25 

14 

Manic-depressive depression 

51 

84 

58 

77 

Manic-depressive mania 

Severity of illness 

15 

9 

17 

9 

Severe 

20 

16 

23 

14 

Moderate 

67 

65 

76 

51 

Mild 

1 

38 

1 

35 

Previous attacks 

Prepsychotic personality 

49 

62 

55 

57 

Litraverts 

79 

94 

91 

88 

Introverts 

8 

IS 

9 

12 

Previous poor health 

13 

12 

16 

11 

Associated physical disability 

19 

19 

24 

18 

Positive family history 

31 

44 

41 

42 

Precipitating episodes 

35 

41 

41 

37 

Psychoneurotic reaction 

18 

27 

23 

24 

Somatic delusions 

14 

7 

16 


Nihilistic delusions 

6 

5 

7 

5 

Hallucinations 

12 

11 

14 

11 

Paranoid trends 

28 

17 

33 

18 

Feelings of depersonalization 

8 

7 

10 

7 

Erotic reactions 

9 

3 

11 

3 

Misidentifleation 

7 

.. 

8 


Catatonic features 

4 

2 

5 

2 

Destructiveness 

9 

1 

11 

1 

Violence 

5 

2 

6 

2 

Fear 

Poverty of thought with monoto- 

39 

IS 

46 

17 

nous speech 

13 

9 

15 

9 

Suicidal tendency 

34 

35 

40 

32 

Inaccessibility 

15 

10 

18 

10 

Mutism 

1 

0 

1 

2 

Lack of insight 

46 

33 

Treated 

51 30 

Untreated 

Average age 

Average duration of illness before examina- 

42.5 yr. 

43.8 yt. 

firkn 


6.4 mo. 

9.7 mo. 

Average period of follow-up observation... 

40.0 mo. 

39.0 mo. 


1. The course of illness was shortened 
(table 2). This is apparent from the fact that 
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4 out of each 5 patients attained full remission 
by the end of the treatment (three to six weeks). 
Not more than 10 per cent of this number re- 
lapsed. Therapeutic superiority is brought into 
sharper relief if the controls are limited to the 
most comparable group, namely, the patients 
refusing treatment, so that the patients with 
physical contraindications and those with a con- 
dition too mild for treatment are eliminated; 
the results are then full remission for 90 per 
cent of the treated patients and for 50 per cent 
of the untreated patients. 

2. More remissions took place with treatment 
than would otherwise have occurred. For the 


the spontaneous course of the illness is to be 
considered an important therapeutic contribution. 
Of the total of 20 deaths, 13 in the control series 
(9 suicides and 4 deaths from exhaustion) and 
3 in the treated series ( 1 suicide and 2 deaths dur- 
ing treatment), were due to the illness or to the 
treatment. The 2 patients who died during 
treatment had abnormalities of the electrocardio- 
gram. One died during the first treatment, and' 
necrops}^ revealed coronary sclerosis. The second 
died suddenly tAventy-four hours after the second 
treatment, with no apparent symptoms in the 
interim. 

We wish to emphasize ' that were it not for 
the fact that a greater number of untreated 


T.A.BLE 2. — Results of Convulsive Therapy in Patients zvith A ffeetive Psychoses as Compared zuitJi Stafiis of Controls 


At End of 
Treatment: 
Treated 
Patients 

, ^ > 

Per- 

^'umber centage 


Follow-Up Observations 


Outcome of Observed Attacks 


Present Status 
« 


I'reated 

Patients 


Untreated 

Patients 

A 


Treated 

Patients 


Untreated 

Patients 

I 


Per- Per- Per- Per- 

Xumber centage Xumber centage Xumber centage Number centage 


Remission 


TS 

79 

90 

82 

75 

71 

82 

68 

02 

Improvement 


IS 

4 

0 

G 

5 

4 

7 

9 

5 

No improvement 


1 

0 

o 

S 

s 

C 

7 

15 

15 

Death 

0 

o 

o 

3 

3 

13 

12 

4 

4 

10 

15 


8S 

100 

ss 

100 

109 

100 

85 

ICO 

108 

100 


Table 3. — Results of Convulsive Therapy for Three Types of Affective Psychoses'^- 


Treated Patients Untreated Patients: 

A c 

, 

Immediate Results Follow-Up Results + Follow-Up Results 

, A A A 



R 

I 

U 

R 

I 

U 

Total 

R. 

I 

U 

Total 

Manic-depressive depression (130) 

40 

21% 

11 

4% 

2 

85% 

45 

4% 

2 

11% 

6 

100% 

53 

65% 

55 

9% 

8 

20% 

20 

100% 

83 

Manic-depressive mania (20) 

12 

14% 

2 

• • « . 

80% 

12 

7% 

1 

7% 

1 

100% 

14 

67% 

4 

.... 

33% 

2 

100% 

6 

Involutional melancholia (39) 

17 

18% 

4 

15% 

1 

81% 

IS 

5% 

1 

14% 

3 

100% 

22 

57% 

9 

7% 

1 

30% 

7 

100% 

17 


* B indicates recovery; I, improvement, and U. no improvement. 

results” the outcome isjrecorded for the original attack- under obsen-ation; i. e., the effect on recurrent 

attacks is ignored. 


197 patients included, the outcome of the indi- 
vidual attacks under observation was as follows : 
full remission and improvement in 95 per cent 
of all treated patients and in but 80 per cent of 
the untreated patients.- These differences are 
found to be statistically significant (beyond the 
1 per cent level on the basis of the chi square 
test). 

3. The treatment prevents death from suicide 
and exhaustion. This prevention by treatment 
of deaths which would otherwise take place in 

2. The results for the patients treated with electrical 
convulsions (30) were similar to those of the metrazol- 
treated series (58) and hence were not separated in this 
study. 


patients die when not given the benefits of con- 
vulsive therapy, the illnesses of both the treated 
and the untreated patients would ultimately go 
on to the same type of outcome. 

This is apparent for our earlier patients (met- 
razol-treated series and controls), for whom the 
follow-up period was longest, permitting the 
largest number of controls to show spontaneous 
remissions. These patients, all seen in the first 
three years of the period of stud}*, had a follow-up 
period ranging from thirty to sixty-nine months, 
with an average of four and a third years, and the 
illness of 90 per cent of them, treated and un- 
treated alike, has run its course. For these 
patients, if the deaths are excluded, the incidence 
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of full remissions is ,88 and 86 per cent for 
treated and untreated patients respectively.® 

4. No essential difference was observed in the 
therapeutic results for the subtypes of manic- 
depressive mania, manic-depressive depression 
and involutional melancholia^ (table 3). 

5. Relapses which followed either immediately 
or shortly after the termination of treatment arose 
chiefly from the same factors as those which 
contributed to therapeutic failure, namely, in- 
complete treatment, subconvulsive reactions and 
advanced age (over 60) (table 4). It is desir- 


Table 4. — Analysis of Data on Tzventy Patients with 
Relapses * 





Without 




Relapses 

Relapse 

Total 















Ko. 

% 

Ko. 

% 

Ko. 

% 

Total number of patients. . 
Patients vith one or more 

20 

100 

cs 

100 

83 

100 

subconvulsive reactions. . 
Patients vith incomplete 

17 

85 

33 

49 

50 

59 

treatment 

Patients over 60 years of 

19 

95 

12 

IS 

31 

35 

age 

Patients over 50 years of 

6 

SO 

4 

6 

10 

9 

age 

9 

45 

22 

34 

31 

30 

* The immediate results of treatment were 

as follows: 

remis- 

sions, 8 patients; improvement, 

1 patient. The follow-up results 

11 patients; 

no improvement. 

were 

as follows: 

remissions, 

IS patients; improvement, 

4 patients; no 

improvement, 4 

patients. 







Table S. — Analysis of 

Data 

on Fifteen Patients 

zvilh 

Recurrences * 






Patients 

Patients 




With 

Witnout 




Recurrence 

• Recurrence 

Total 


'Xo. 

% 

Xo. 

% 

Ko. 

% ' 

Total number of patients. . 
Patients with one or more 

15 

100 

73 

100 

88 

100 

subconvulsive reactions.. 
Patients with incomplete 

11 

74 

39 

53 

50 

59 

treatment 

Patients with relapse after 

S 

53 

23 

31 

31 

35 

treatment 

Patients over 60 years of 

2 

13 

18 

25 

20 

18 

age 

Patients over 50 years of 

2 

13 

4 

6 

10 

9 

age 

5 

o3 

23 

34 

32 

36 


* The immediate results of treatment were as follows: remis- 
sions, 13 patients: improvement, 2 patients; no improvement, 
none. a 


able to reserve judgment as to the degree of 
therapeutic improvement until five weeks after 
the last treatment, since relapses occur rarely. 


3. Allowance must perhaps be made in this con- 
nection for the fact that the study is loaded in favor 
of the controls, since the control series contained many 
more patients with mild disease than did the treated 
series, conditions too mild to warrant convulsive therapy. 
A trend toward equalization in outcome is, however, defi- 
nitely indicated. 

4. Only tlie patients with involutional states were 
included for whom depression was the outstanding 
symptom. Patients with paranoid states, patients with 
schizophrenic-like symptoms or patients with conditions 
otherwise atypical were excluded, since we believe that 
insulin shock therapy is the treatment of choice for 
these patients. 


if at all, if full remission has been maintained 
for five weeks. Failure to follow this routine 
in our earlier cases was probably responsible 
for a number of “relapses” in patients whom we 
should otherwise not have considered fully re- 
covered. The rate of relapse for patients tvith 
the disease in full remission should be less than 
10 per cent. 

6. Recurrences or new attacks of illness were 
of equal frequency for both the control and the 
treated series. Fifteen patients, or 18 per cent, 
of the treated series had recurrence of attacks, 
as compared with 24 patients, or 21 per cent, 
of the untreated series. These figures indicate 
what man)’- observers have already anticipated, 
namely, that the beneficial effect of treatment 
is limited to the individual attack and has no 
bearing on recurrences. 

Perusal of the forty-seven statistical reports ^ 
in the literature appearing since the publication 


5. (a) Barbato, L. : Three Years’ Experience with 
Metrazol Convulsive Therapy (Result and Follow-Up 
Studies in One Hundred and Sixty-Seven Cases), Dis. 
Nerv. System 3:250 (Aug.) 1942. (b) Batt, J. C.: 

One Hundred Depressive Psychoses Treated with Elec- 
trically Induced Convulsions, J. Ment. Sc. 89:289, 1943. 
(c) Bennett, A. E. : Convulsive Therapy: Present 
Status, Rev. mex. psiquiat., neurol. y med. leg. 9:23 
(July 1) 1942. (d) Bianchi, J. A., and Chiavello, C. J.: 
Shock Therapy in the Involutional and Manic-Depres- 
sive Psychoses, Psychiatric Quart. 18:118 (Jan.) '1944. 
(e) Bieringer, G. S. : Electric Convulsive Therapy, Dela- 
ware State M. J. 14:112 (Alay) 1942. (/) Birch, H. Ah: 
Electric Convulsive Therapy, AI. J. Australia 1:675 
(June 20) 1942. (ff) Cash, P. T., and Hoekstra, C. S.: 
Electric Convulsive Shock Therapy: Preliminary Cura- 
rization (to Eliminate Trauma), Psychiatric Quart. 17: 
20 (Jan.) 1943. (h) Cheney, C.; Hamilton, D., and 

Heaver, W.: Aletrazol as an Adjunct to the Treat- 
ment of Mental Disorders, ibid. 15:205 (April) 1941. 
(i) Cleckley, H., and Beard, B. : Electric Shock- 
Therapy in Personality Disorders, J. AI. A. Georgia 
31:303 (Aug.) 1942. (/) Cummins, J. A. : Experience 
with 3,057 Administrations of Curare to 202 Psychotic 
Patients Treated wtih Aletrazol, Psychiatric Quart. 17: 
655 (Oct.) 1943. (k) Dehne,-T. L., and others: Sym- 
posium: Complications of and Contraindications to 
Electric Shock, Arch. Neurol. & Psychiat. 49:786 
(May) 1943. (1) Epstein, J.; Electric Shock: Study 

of One Hundred Cases, J. Nerv. & Alent. Dis. 98:llo 
(Aug.) 1943. (m) Evans, V.L.: Convulsive (Aletrazol 
and Electric) Shock Therapy in Elderly Patients : Risks 
and Results, Am. J. Psychiat. 99:531 (Jan.) 1943. 
(n) Fetterman, J. L. : Electrocoma, Ann. Int. Aled. 
17:775 (Nov.) 1942. (o) Fitzgerald, _ 0. AV. S.j 

Treatment of Depressive States by Electrically Induced 
Convulsions, J. Alent. Sc. 89:73 (Jan.) 1943. (p) 

Furst, W., and Stouffer, J. E. : Electric Shock, J. Nerv. 
& Alent. Dis. 96:499 (Nov.) 1942. (q) Glueck, B. 

C., Jr.: Electric Shock Therapy and Psychopathologic 
Reactions, New York State J. Med. 42:1553 (Aug. 15) 

1942. (r) Golden, L. A.: The Treatment of 
Depressive States by Electric Shock (Analyses of 133 
Convulsive Cases), Dis. Nerv. System 4:306 (Oct.) 

1943. (s) Gonda, V. E. : Treatment of Alental Dis- 
orders with Electrically Induced Convulsions, ibid. 2: 

(Footnote continued on next page) 
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of our last study shows immediate responses 
to treatment similar to our own. Analysis of 
2,7/7 cases from the same source reveals re- 
missions and notable improvement in 69 per 
cent, improvement in IS per cent and no im- 
provement in 13 per cent. Of interest is the 
remission rate of 56 per cent for the patients 
with the manic type, as contrasted with a rate of 
71 per cent for patients with the manic-depressive 
depression and of 67 per cent for the patients with 
involutional melancholia. Our own experience 
does not bear out the lesser effectiveness of con- 
vulsive therapy for the manic type reported in 
the literature. In our series the results were 
as good for the manic t 3 ’pe as the}^ were for 
patients with the depressive type. Control studies 
and long follow-up reports are essentially lack- 
ing, so that little has been recorded with respect 
to the incidence of relapses and recurrences and 
whether or not the treatment increases the ul- 
timate number of recoveries. 


84 (March) 1941. (f) Hauser, A., and Barbato, L.: 
Electric Shock: Preliminary Report, Texas State J. 
Med. 37:228 (July) 1941. (:/) Hemphill, R. E., and 

Walter, W. G. : The Treatment of Mental Disorders 
by Electrically Induced Convulsions, J. Ment. Sc. 87; 
256 (April) 1941. (v) Impastato, D. J., and Almansi, 
R.: Electrofit, J. Nerv. & Ment. Dis. 96:395 (Oct.) 
1942. (lii) Kalino\vslo% L. ; Bigelow, N., and Brikates, 
P. : Electric Shock Therapy in State Hbspital Prac- 
tice, Psychiatric Quart, 15:450 (July) 1941. Cv) Kay, 
F. A.; Smith, J. D., and Reim, N. H. : Electroshock 
Treatment in Psychiatric Disorders, J. M. A. Alabama 
12:129 (Nov.) 1942. (y) Kennedy, F., and Wiesel, B.; 
Report on Results of Electric Shock Treatment on 
Mental and Emotional Symptoms, Kew York State 
J. Med. 42:1663 (Sept. 1) 1942. (2) Kepner, R. D.: 
Metrazol Therapy of Psychoses: Evaluation; Com- 
parative Analysis of 152 Treated Cases, 31. Rec. 154: 
423 (Dec. 3) 1941. {a’) Levy, K. A.; Serota, R. M., 

and Grmker, R. R.: Disturbances in Brain Function 
Following Convulsive (Metrazol and Electric) Shock 
Therapy : Electroencephalographic and Oinical Studies, 
Arch. Neurol. & Psyebiat. 47:1009 (June) 1942 (b’') 

Malzberg, B.:_ Electric Shock Therapy: Outcome in 
Civil State Hospitals, Psychiatric Quart, 
Myerson, A,: Electric 
Shock, New England J. Med. 224:1081 (June 26) 
^41; ((/') Further Experience with Electric- Shock 
Therapy m Mental Disease, ibid. 227:403 (Sept. 10) 
!• C. ; Geshell, S. W., and Coen, 
.T of Pharmacologic Shock Therapy 

(Insulin Picrotoxm and Metrazol) at Hastings State 
Hospital, Dis. Nerv. System 3:122 (April) 1942. (/') 
Pacella, B. L., and Barrera, S. E.; Follow-Up Studv 
■of Senes of Patients Treated by Electrically Induced 
Convulsions and by Metrazol Convulsions, Am T 
Psyebiat. 99:513 (Jan.) 1943. (p') Petersen, M.’ C 

t Convulsive Therapv,’ 
M. Chn. North America 27:1019 (July) 1943. fin 

r' Therapy (Especially 31etrazol) 

^^fo^'ders, J. Oklahoma M. A. 34*471 
(Nov.) 1941. (:') Rennie, T. A. C: Shock Therapv: 
Present Status, Psychiatry 6:127 (3'Iay) 1943; (/') 
Prognons m Manic-Depressive and Schizophrenic Con- 
<itttons Following Shock Treatment, Psychiatric Quart. 


FACTORS CONTRIBUTING TO THERAPEUTIC 
* ■ FAILURE 

Sxibconvulsive Reactions . — ^As stated in our 
previous studies, patients who have no subcon- 


Table 6. — Relation of Full Remissions to Incidence of 
Suhconvulsive Reactions 


Incidence of 

Patients vith Remissions 

Subcon vul.'ive 

y— . 

, 

Keaetions, Fo 

Xumber 

Percentage 

0 


04 

25 or less 


75 

Over 2o 


C2 


vulsive reactions during treatment do consider- 
abl}' better than patients having one or more 
such reactions (tables 6 and 7). Metrazol- 
treated patients and patients treated with electric 
shock are alike in this regard. However, intro- 
duction of a modified technic which excluded 
these nonconvulsive reactions ® with our last 20 
electrically treated patients yielded an improved 
therapeutic response, namely, full immediate re- 
mission m 87 per cent. 

Goldman " noted that suhconvulsive reactions 
in electrically treated patients had no deterrent 
effect, -though he stated the belief that they 
are harmful in metrazol therapy. Froin 
data published by Kennedy and )Viesel 
and Wender, Balser and Beres,°”' it appears 
that suhconvulsive reactions had no harmful 


17:642 (Oct.) 1943. (k') Reznlkoff, L.; Electric 

Shock: Indications and Results, ibid, 17:355 (April) 
1943. (?') Rickies, N. K.: Electric Shock Therapy: 
Report from One Hundred Private Cases. Northwest 
Med. 43:44 (Feb.) 1944. {m') Rosen, S. R.; Secunda, 
L., and Finley, K. H, ; The Conservative Approach 
to the Use of Shock Therapy in Mental Illness, In- 
cluding Study of Electroencephalograph Tracings Be- 
fore, During and After Shock Therapy, Vsychhtric 
Quart. 17:617 (Oct.) 1943. (id) Smith,' L. H.; 
Hughes, J. ; Hastings, D. W., and Alpers, B. J. : Elec- 
tric Shock in Psychoses, Am. J, Psychiat. 98:558 
(Jan.) 1942. (o') Wender, L.; Balser, B. H., and 

Beres, D. : Extramural Shock Therapy, ibid. 99:712 
(March) 1943. (/>') Wilson, D. C: Treatment of 

Mental Diseases Related to Involutional Period Vir- 
gmm M. 3Ionth]y 70:175 (April) 1943. (q') Woolley, 
H 1’ i . Ingalls, G. S. : Use of Curare in 

Modifying Convulsive Shock (Metrazol and Electric) 
Nerv. & Ment Dis. 96:680 (Dec.) 1942. (F) 

Electric Convulsion Therapy, Lancet 
19) 1941. (s') Young, R. H.: Evaluation 

of Pharm^acologic Shock Therapy: Four Years’ Experi- 
i Omaha Mid- West Clin. Soc. 2:76 (Aug.) 1941 
(/) Zeuert, M.: Metrazol: Results Obtainld from 
AdmimstratiOT of 12,000 Doses; Preliminarv Report 
Psychiatric Quart. 15:772 (Oct.) 1941. (u') Zffer- 

6. Somerfeld-Ziskind, E., and Ziskind, E.: Preven- 
tion of Sub-Convulsive Reactions in Convulsive Theraov 

^ Ois. 99:889 (June) 

author?^^""^"’ communication to the 
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effect, though this is difficult to state because 
such reactions occurred in prad:ically every case. 
On the other hand, Kennedy ® stated that “petit 
mal” reactions were not only useless but actually 
harmful. Apparently, the harmful effect of sub- 
convulsive reactions is insufficient to prevent re-> 
missions in most cases. Our experience suggests, 
however, that it does contribute to therapeutic 
failure and relapse. 

Inadequate Treatment . — Failure to administer 
a full course of therapy covering (1) the acute 
period of the symptoms, (2) one or two reen- 
forcement treatments and (3) additional treat- 
ments in the immediate postdischarge period if 
early signs of relapses appear is responsible for 
a large number of therapeutic failures. Confu- 


for patients over 60 years of age. Similar re- 
sults were obtained by Fitzgerald.®" Evans,®® 
although not reporting on the younger age groups, 
recorded a full remission rate of only 50 per 
cent for patients over 50 years of age. Cash and 
Hoekstra®® obtained better results with patients 
above than with patients below 50 years of age. 

HAZARDS OF THERAPY 

The unknown quantity, damage to the brain, 
still remains the major consideration referable 
to the dangers of treatment. Reports on the 
working ability of our recovered patients reveal, 
however, that it is as good as, or even better 
than, it was in the prepS 3 ^chotic period. One 
gains the impression, therefore, that there cannot 


Table 7. — Effect of Siibconvtilsive Reactions on Results of Treatment * 


Immediate Results Follow'-Up Results t 

A * 


Number of Subeonvulsive Reactions 

Total 

B 

1 

U 

R 

I 

U 

Re- 

lapses 

Recur- 

rences 

None 

. . . 41% 

94% 

6% 


94% 


mo 

4% 

11% 


36 

34 

o 

.. 

34 

.. 

2 

3 

4 

One or more 

... 59% 

707o 

28% 

2% 

86% 

6% 

8% 

34% 

22% 


50 

35 

14 

1 

43 

3 

4 

17 

11 


* R indicates recovery; I, improvement, and U, no improvement, 
t Follow-up results according to tlie outcome of the treated attack. 


Table 8. — Results of Treatment in Relation to Age 


Age Group 


Under 50 
Under 60, 
Under 70, 


60 and over. 
50 and over. 


Total Group Full Remissions 

Distribution (Percentage) 

of Patients , *- 

According to Age Immediate Follow-Up 

(Percentage) Results; Results 

A JL 

r f 

Treated Treated Treated 

Patients Controls Patients Patients Controls 


Cumulative Percentage of Patients up to Age of 70 Years 

64 67 81 98 00 

SO 83 75 93 84 

99 96 74 so 80 

Cumulative Percentage of Patients Over Age of 50 Years 

10 13 56 56 43 

So 29 62 77 52 


Xo Improvement 
(Percentage) 

Follow-Up 

Results 


Treated 

Patients Controls 


1 

6 


4 

9 

14 


22 50 

16 36 


sion as to whether persistence of mild symptoms 
is residual from the illness or arises as an effect 
of treatment often makes it difficult to determine 
whether or not treatment should be continued. 
The five week post-treatment period of observa- 
tion is therefore important in this connection. 

Age . — Analysis of the results in patients over 
and under 60 and 50 years of age respectively 
(table 8) shows a higher rate of recovery for 
the younger patients. For instance, the imme- 
diate rate of recovery for patients under 50 years 
is 81 per cent, as compared with only 62 per cent 
for patients over 50 years and 56 per cent 

8. Kennedy, P. : Round-Table Discussion on Electric 
Shock Therapy, read at a meeting of the American 
Psychiatric .Association, 1943. 


be any serious impairment to the brain, the 
reports of their performance being as good as 
they are. Despite many subjective factors, these 
clinical impressions are in our opinion as sig- 
nificant as interpretations arising secondarily 
from laboratory procedures, such as psychologic 
tests and electroencephalographic records. 

SUMMARY 

1. For the 88 treated patients the immediate 
results were as follows: full remission, /8 per 
cent ; improvement, 18 per cent, and no irW" 
provement, 4 per cent. The period of treatment 
was three to six weeks. 

2. The follow-up results for these patients, 
as compared with the results for an untreated 
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control group were as follows : full remission 
in 90 per cent of^ the treated patients and in 
only 75 per cent of the untreated patients. 

3. In the series of untreated patients there 
were 9 deaths from suicide and 4 deaths from 
exhaustion, as compared with 1 death from 
suicide in the series of treated patients. Two 
patients with heart disease died during treatment. 

4. The incidences of ultimate full remission 
for our patients with the longest period of fol- 
low-up observation (from June 1938 to June 
1941) were the same (88 and 86 per cent) for 
treated and for untreated patients respectively, 
provided the deaths were omitted from each 
series. 

5. The therapeutic results were the same for 
all subtypes of affective psychoses : manic-de- 
pressive mania or manic-depressive depression 
and involutional melancholia. 

6. Twenty patients had relapses. Of this 
group, only 8 were classified as having full (?) 
remissions. Eighty-five per cent of the patients 
who had relapses had one or more nonconvulsive 
reactions during treatment. 

7. Recurrences (new attacks) occurred with 
equal frequency in the control and in the treated 
series, the percentages being 21 and 18 respec- 
tively, 

8. Full remissions occurred in 94, 75 and 62 
per cent of patients having no, one or more and 
over 25 per cent of subconvulsive reactions re- 
spectively. 

9. The immediate rate of recover}^ for treated 
patients more than 60 years of age was 56 per 
cent, as compared with the rate of 75 per cent 
for patients under 60. 


10. Working ability after recovery by treat- 
ment was as good as and better than prior to 
the illness. No cerebral damage from the treat- 
ment was apparent as judged by the patient’s 
working ability subsequent to treatment. 

CONCLUSIONS 

1. The benefits of convulsive therap}^ of' the 
affective psychoses are to be gaged by the re- 
duced period of illness and the greater number 
of recoveries. The latter effect is due to the 
decreased number of deaths rather than to any 
inherent greater therapeutic effect. The treat- 
ment in itself is not responsible for any greater 
incidence of recovery than that which occurs 
spontaneously if the patient is shielded from 
death by suicide or exhaustion. 

2. The known hazards of treatment for 
treated patients are less than the hazards for 
untreated patients. In this study 13 died 
as a result either of suicide, or of exhaustion. 

3. Subconvulsive doses, incomplete therapy and 
old age are unfavorable factors. Subconvulsive 
reactions should be avoided. 

4. The tendency to- recurrences or to new 
attacks is apparently not influenced by treatment. 

5. The possibility of damage to the brain still 
calls for quantitative evaluation. A margin of 
safety may be found. 

6. This study presents an equal number of 
control (untreated) and treated patients. More 
such studies are needed in order to solve ade- 
quately the problem of the effect of convulsive 
therapy of the affective ps 3 xhoses. 

2007 Wilshire Boulevard. 



CARCINOMA OF THE UTERINE FUNDUS WITH 
METASTASIS TO, THE BRAIN 

REPORT OF A CASE 


HARRY F. STEELMAN, M.D. 

N. C. 


G. B. HODGE, M.D., and 

DURHAM, 

The purpose of this paper is to report what 
is believed to be a rare case of carcinoma of 
the uterine fundus with metastasis to the brain. 
In a review of the literature, we found several 
reports mentioning the occurrence of metastatic 
cerebral lesions from a carcinoma of the uterine 
fundus. However, in no report are the criteria 
of diagnosis of this lesion given, and we have 
found no case in which both the primary and 
the secondary site were examined grossly and 
microscopically during life. 

INCIDENCE OF METASTATIC TUMORS 
OF THE BRAIN 

Meagher and Eisenhardt,^ in reviewing 1,850 
cases of intracranial neoplasm, found that 57, 
or 3 per cent, were metastatic. Elkington - re- 
ported 72 cases of metastatic tumors of the brain 
in a series of 805 cases of cerebral tumor, an 
incidence of 9 per cent. Dandy ^ estimated the 
incidence of metastatic cerebral tumor to be 
10 per cent of all varieties of tumors of the brain. 
Adson,^ however, noted only 2 cases of meta- 
static tumor in 167 cases of cerebral neoplasm. 
Globus and Meltzer ® reported an incidence of 
13.5 per cent in a series of 57 cases. Garland 
and Armitage,® in reporting the results of 264 
autopsies in cases of cerebral tumor, stated that 
12.8 per cent of tlie tumors were metastatic. In 
one tliird of the series the cerebral lesions arose 

From the Department of Surgerj% Neurosurgical 
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from tuberculoma. When these granulomatous 
lesions were excluded, the percentage of meta- 
static tumors in their series became 17.1 per cent. 
On the basis of these reports, the incidence of 
metastatic tumors of the brain varied from 1.2 
to 17.1 per cent. 

ORIGIN OF METASTATIC TUMORS 
OF THE BRAIN 

Metastatic tumors of the brain are not an 
infrequent complication of carcinoma and sar- 
coma. Ivrasting,' in examining the tissue in 
12,730 cases in which autopsy was done, ob- 
served malignant disease in 1,238, or 9.18 per 
cent. In this series there were 1,078 cases of 
carcinoma and 160 cases of sarcoma. Examina- 
tion of the brain was possible in 935 of the 
1,238 cases. Of these, 817 were cases of car- 
cinoma, in 39, or 4.7 per cent, of which metas- 
tasis occurred to the brain. Of the 118 instances 
of sarcoma in this series of 935 cases, cerebral 
metastasis had occurred in 14, an incidence of 
12.4 per cent. Rau,® in a series of 10,393 autop- 
sies, observed that 3.2 per cent of the carcinomas 
and 68.1 per cent of the sarcomas had metasta- 
sized to the brain. Neustaedter,® in examining 
the records of admissions to the New York City 
Cancer Hospital, noted metastatic carcinoma to 
the nervous S 3 'stem in 143 of 6,761 cases, an 
incidence of 2.15 per cent. Certain neoplasms 
have a predilection to metastasize to the brain. 
Carcinoma of the lung and breast are the com- 
monest primary sites. Of 139 cases of meta- 
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static cerebral neoplasm, Krasting ‘ observed 
that 40 cases, or 25 per cent, followed inammar}^ 
carcinoma and 29, or 20 per cent, pulmonary 
carcinoma. Dosquet^° noted metastasis to the 
brain in 31.4 per cent of 105 cases of carcinoma 
of the lung, and Fried, in 16, or 34 per cent, 
of his series of 47 cases of similar neoplasms. 
Handley obseiwed cerebral metastasis in 16, 
or 5 per cent, of 329 cases of primary malignant 
growths of the breast. Both Krasting^ and 
Bailey stated that 50 per cent of all melanotic 
sarcomas metastasize to the brain. 

Elkington - reported 72 cases of metastasis to 
the brain, with the following distribution of pri- 
mary sites: breast, 18 per cent; lung, 33.3 per 
cent; gastrointestinal tract, 9.7 per cent; naso- 
pharynx, 8.3 per cent; kidney, 6.9 per cent; 
urogenital tract, 12:5 per cent; pigmentary struc- 
tures, 5.6 per cent; miscellaneous areas, 2.8 per 
cent, and undetermined site, 2.8 per cent. Mea- 
gher and Eisenhardt^ reported 40 cases, with 
the primary sites as follows : breast, 25 per cent ; 
lung, 35 per cent; gastrointestinal tract, 15 per 
cent; nasophar}mx, 5 per cent; kidney, 2.5 per 
cent; urogenital tract, 2.5 per cent, and unde- 
termined site, 25 per cent. Dunlap reported 
77 cases, the primary sites being distributed as 
follows: breast, 15.6 per cent; lung, 11.7 per 
cent; gastrointestinal tract, 13 per cent; naso- 
phar 3 mx, 2.5 per cent; kidney, 15.6 per cent; 
urogenital tract, 6.5 per cent ; pigmentary struc- 
tures, 6.5 per cent; miscellaneous sites, 18.3 per 
cent, and undetermined site, 10.3 per cent. In 
1 case the cerebral metastasis was reported as 
primary in the uterus. However, neither the 
primary nor the secondar}^ site was examined 
grossly or microscopically to confirm the diag- 
nosis. Neustaedter ^ found 52 cases of malignant 
metastasis to the brain and reported the primary 
sites as follows: breast, 27 per cent; lung, 15.4 
per cent; nasopharynx, 30.8 per cent; uterus, 
5.8 per cent; rectum, 4 per cent; skin, 4 per 
cent ; bladder, 2 per cent ; hard palate, 2 per cent ; 
antrum, 2 per cent, and tongue, 7 per cent. 
This author did not give his criteria for diag- 
nosis of the 3 cases of primary uterine carcinoma 
with metastasis to the brain, no mention being 
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made as to whether the diagnosis was presump- 
tive or was verified by biopsy, operation or 
autopsy. 

In a review of the literature of secondary 
metastatic tumors of the brain, we have found 
the reported incidence of metastatic cerebral 
tumor with the primary site in the uterus to 
be low. In the reported cases of these cerebral 
tumors, no criterion, such as pathologic exam- 
ination of ' the primary and secondary sites, either 
at operation or at autopsy, is given. In the case 
to be reported the patient had an adenocarcinoma 
of the fundus of the uterus (fig; 1 A and B). 
A total hysterectom)!' was done, and several 
months later signs and symptoms of a cerebral 
neoplasm developed. At operation a metastatic 
tumor was observed, the sections of which were 
identical with the sections taken from the uterus 
(fig. 2 A and B). 

REPORT OF CASE 

F. M. M., a white woman aged 48, was admitted to 
the hospital with a complaint of weakness in the right 
leg, of nine months’ duration, and twitching of the 
musculature of the right leg, of five months’ duration. 
The family history was noncontributory. The personal 
history revealed that twenty-two months prior to ad- 
mission she began to have uterine bleeding, which was 
diagnosed by her local physician as functional. She 
was given radium therapy. Thirteen months before 
admission she began to experience dull pain in the 
lower part of the abdomen, with radiation to both hips, 
and had urinary frequency and nocturia. Three months 
later she became aware of weakness in the right leg* 
Six months before admission her local physician per- 
formed a panhysterectomy. The specimen was sent to 
this hospital for pathologic examination and was 
diagnosed as adenocarcinoma of the uterine fundus. 
Postoperative convalescence was uneventful for two 
weeks, when she began to have twitching in the right 
leg, which lasted four to five minutes at a time and 
was followed by notable weakness of this extremity. 
Such attacks came on with increasing frequency 
and severity. Weakness -was progressive, and the 
patient noted that she dragged her right foot while 
walking. Two weeks before admission to the hospital 
she had a convulsive seizure, characterized by twitch- 
ings in the right foot, which developed into clonic con- 
tractions and spread up the right side of the body to 
involve the right arm and then became generalized, 
with loss of consciousness. After this attack she ex- 
perienced a severe generalized headache and numbness 
of the left side of the face, the right arm and the right 
leg. Since that time she had had a mild generalized 
headache, with no nausea or vomiting. There were no 
visual disturbances or other neurologic symptoms. 

Examination revealed normal temperature, pulse and 
respiration, with a blood pressure of ISO systolic and 
100 diastolic. Results of general physical examination 
were not remarkable. The positive features of the 
neurologic examination were slight atrophy and spas- 
ticity of the musculature of the right calf. The patient 
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Fig. 1. — Field at left (A), x 112; field at right (B), X 684. Section of the uterine fundus, showing t 5 'pical 
adenocarcinoma. Numerous enlarged and elongated alveoli are lined with several layers of compact cuboidal and 
cylindric cells, the bodies of which are pale. The nuclei are large and hyperchromatic, and mitoses are seen 
throughout the section. In several areas there are sheets of disorganized tumor cells, with little tendency to gland 
formation. 



Fig. 2. — Field at left, X 112; field at right, X 684. Section of the brain, showing numerous large tumor 
cells which are cuboidal and cylindric. The nuclei are large and hyperchromatic, and occasional mitoses are 
seen. Glandular and papillary formations are striking features. However, some of the cells are scattered in 
diffuse sheets and cords. In all sections the tumor is infiltrating the brain substance. This tumor is an adeno- 
carcinoma metastatic from the uterine fundus and is similar to the primary uterine carcinoma seen in figure 1 
A and B. 
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was unable to dorsiflex or to evert the foot. There 
was also slight spasticity of the muscles of the thigh. 
Papilledema was not present, and the cranial nerves 
were not involved. The reflexes on the right side were 
slightly hypoactive; the abdominal reflexes were absent, 
and the plantar reflexes were equivocal. Serologic re- 
actions for syphilis gave negative results.' The impres- 
sion was that this patient had a metastatic lesion from 
the carcinoma of the fundus of the uterus. However, 
the possibility of a primary cerebral neoplasm could 
not be ruled out. On her sixth day in the hospital 
bilateral posterior trephinations, with ventriculographic 
study, were made ; they disclosed flattening of the 
left lateral ventricle in its midportion, with slight 
dislocation of the ventricular system to the left, sug- 
gestive of a parasagittal tumor on the left side. Dr. 
Barnes Woodhall performed a craniotomy and exposed 
a nodular tumor, lying about 2 cm. below the surface 
of the hemisphere along the midline. The mass was 
about 4 cm. in diameter and certainly could not have 
caused tlie extreme cerebral edema which was present. 
The tumor was gently dissected until its periphery 
was quite clear and it was easily shelled out of the brain 
tissue. However, it was not well circumscribed and 
did not represent a meningioma, but seemed to infiltrate 
the brain tissue mesially; on section its appearance 
immediately suggested a metastatic lesion. No other 
metastases could be seen or palpated, although it was felt 
there was a pronounced sense of resistance deep in the 
white matter toward the ventricle. This tumor involved 
the motor and sensory cortex on the left side, and patho- 
logic study revealed an adenocarcinoma, the miscroscopic 
picture being identical with that of the tumor of the 
uterine fundus. This patient was followed for the two 
years before her death; at no time did she show any 
evidence of metastasis other than to the brain. 


SUMMARY AKD CONCLUSIONS 

A patient aged 48, six months previous to 
admission to the hospital, had undergone a pan- 
hysterectomy for an adenocarcinoma of the fun- 
dus of the uterus. T'wo ■weeks after the operation 
she began to have twitching, atrophy, slight 
spasticity and -w^eakness of the right lower ex- 
tremity, the symptoms being progressive. Two 
weeks before she was seen at this hospital, a 
generalized convulsive seizure developed, the on- 
set being focal in character ; the convulsion 
started in the right foot and extended up the 
right leg, involved the right arm and then 
passed into the generalized phase. The preopera- 
tive diagnosis was probable metastatic tumor 
to the brain. However, the possibility of a 
primaiy tumor could not be ruled out. At opera- 
tion the patient was observed to have a meta- 
static tumor to the brain, the pathologic section 
being identical with that of the uterine carci- 
noma. We have been unable to find the report 
of any authenticated case in which uterine car- 
cinoma metastasized to the brain with pathologic 
examination of the primary and secondary sites 
during life. There are reports giving the inci- 
dence of metastasis of uterine carcinoma to the 
brain, but no conclusive criteria for that diag- 
nosis were established, as was done in this case. 

Duke University Hospital. 
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REPORT OF RECOVERY FOLLOWING RELIEF OF EMOTIONAL STRESS 
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Although it has been apparent that many per- 
sons who suffered from causalgia were emo- 
tionally unstable, it has seemed doubtful that 
localized and unilateral autonomic dysfunctions 
could depend on emotional factors. The case 
which is reported is of interest in that the full 
blown syndrome cleared rapidly when the pa- 
tient was relieved of his emotional distress. 

The term causalgia is used to designate a con- 
dition, or a group of closely related syndromes, 
which has received a large number of names.^ 
The condition follows injury to an extremity. 
It is characterized by intense burning pain, which 
is aggravated into severe paroxysms by trivial 
physical and emotional stimuli. The skin of the 
area involved is extremely hyperalgesic, and the 
slightest movement is painful. These complaints 
are accompanied by tangible evidence of local- 
ized autonomic dysfunction. The skin is red or 
blue, hot or cold, the state perhaps depending on 
the duration of the condition, and it may show 
trophic changes in its texture. The region is wet 
with perspiration, in contrast to the opposite, 
normal extremity. There is edema, which may 
extend into the joint. The muscles are taut, 
splinting against motion, and there is apt to be 
muscular wasting. After the condition has per- 
sisted for a number of weeks, there may be 
roentgenographic evidence of osteoporosis, which 
is greater than would be anticipated from dis- 
use. The pain and hyperalgesia are likely to 
spread beyond the original limits and in cases 
of severe form involving the hand may extend 
into the arm and, finally, into the shoulder girdle. 
Cases of the late stage tend to be intractable to 
all forms of treatment, including cervical chor- 
dotomy, though medullar}’- tractotomy may be 
efficacious. The sufferer may become addicted to 

* Major Lidz is on leave of absence from the Henry 
Phipps Psychiatric Qinic. 

1. (a) Miller, D. S., and deTakats, G. ; Post Trau- 
matic Dystrophy of the Extremities, Surg., Gjmec. & 
Obst. 75:558 (Nov.) 1942. (h) deTakats, G. : Nature 
of Painful Vasodilatation in Causalgic States, Arch. 
Neurol. & Psychiat. 50:318 (Sept.) 1943. (c) White, 

J. C., and Smithwick, R. H. : The Autonomic Nervous 
System, ed. 2, New York, The Macmillan Company, 
1941. (d) Homans, J. : Circulatory Diseases of the 

Extremities, ibid., 1939. 


opiates, may end in an institution for mental dis- 
ease or may commit suicide. 

Causalgia may complicate any one of a wide 
variety of trauma to an extremity; injuries to 
the brachial plexus, particularly gunshot wounds ; 
partial lesions of the large nerves; arterial or 
venous occlusions; fractures; sprains; infected 
wounds, and, at times, trivial bruises or other 
minor injuries. It appears certain that a hema- 
toma of the nerve sheath or an arterial occlusion 
may set up a reflex vasospasm that brings on 
the chain of symptoms. It is not clear why some 
simple injuries are followed by causalgia. It has 
been noted that the condition is likely to occur 
in persons who had shown previous indications 
of unstable vasomotor reactivity and it has 
been remarked that some of the patients are 
unstable emotionally. It is often obscure by the 
time the patient is studied whether the instability 
preceded the injury or followed the prolonged 
suffering. 

The nature of the physiologic changes which 
produce the disability has not been fully clarified. 
There is agreement concerning the obvious fact 
that there is localized autonomic dysfunction 
which causes vasomotor abnormalities. Most 
investigators consider the phenomena to be 
secondary to reflex vasospasm induced by stimuli 
originating in the vessels, nerve trunks or nerve 
endings in joints. There is evidence, however, 
that vasodilatation, with distention of the capil- 
laries, and arteriovenous shunts^*^ may play a 
responsible role. Both vasospastic and vaso- 
dilator mechanisms have been invoked to explain 
the signs show'n by the same patient.^*^ The 
neurophysiologic concepts have been reviewed 
by Miller and de Takats.^“ 

A variety of treatments have been advocated.’^ 
Because of the intractability of the late stage, 
there is agreement that the abnormal pattern of 
reflexes must be interrupted as soon as possible. 
The mild form is said to respond to immobiliza- 
tion, physical therapy and reassurance. Atten- 
tion is paid to whatever injury or infection exists, 
and excision of a thrombosed vessel or removal 
of an organizing hematoma of a nerve sheath 
may bring immediate relief. Local injections of 
procaine hydrochloride may be of benefit. Injec- 
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tions of procaine into the sympathetic ganglia 
may produce permanent or temporary cessation 
of symptoms; when only temporary benefit is 
gained, some form of surgical interruption of the 
sympathetic fibers is indicated. Long-standing 
conditions, as has been mentioned, may not be 
benefited by such procedures. 

Attention has been called to the importance 
of emotional factors. Miller and de Takats 
stressed the importance of “alleviation of fear, 
anxiety, and reassurance of the patient and 
avoidance of all factors which may lead to -a 
conscious or unconscious prolongation of a pain- 
ful syndrome.” They stated, however, that 
“there is no clear-cut evidence that the post 
traumatic emotional status of a patient can ac- 
tually influence the local autonomic reflexes 
originating from an injury.” It is with this in 
mind that the following case is reported. 

REPORT OF A CASE 

A 20 year old private, with eight months of Army 
service, was admitted to a general hospital in the South 
Pacific on Jan. 19, 1944, by transfer from an evacuation 
hospital. On Dec. 23, 1943, while in a noncombat area, 
he had wounded himself while cleaning his rifle. His 
right hand had been over the muzzle when the gun 
discharged. The bullet shattered the proximal phalanx 
of the middle finger and caused a compound fracture 
of the fourth metacarpal and a laceration extending 
along the proximal portion of the ring finger. The 
wound had been treated by debridement and the middle 
finger disarticulated and amputated at the metacarpo- 
phalangeal joint. The hand had been kept in plaster 
for three weeks, and the discomfort and pain suffered 
were not disproportionate to the injury. After removal 
of the cast the soldier sometimes complained of pain. 
On one occasion he sought relief by wrapping his hand 
about a light bulb. This caused intense pain, unlike 
anything he had experienced before, but it subsided 
within a few minutes. He was transferred to the 
general hospital because contracture of the ring finger 
necessitated prolonged hospitalization. On arrival at 
the general hospital, twenty-nine days after the injury, 
the wound was healing well. The contracture was 
moderate, and there was little complaint of pain, even 
with motion. The past history was noncontributory 
except that he had injured his right shoulder at the age 
of 16, apparently without fracture. This accident had 
not been accompanied by symptoms referable to the dis- 
tal portion of' the extremity. Physical examination 
revealed slight winging of the right scapula and slight 
limitation of abduction of the arm. No other physical 
abnormalities were found. The results of routine 
laboratory tests were all normal. 

The hand was treated with progressive exercises, and 
the wound was handled conser^'atively. The range of 
motion in the ring finger increased slowly but steadily, 
and the wound healed well. Forty-nine days after the 
injury, when the wound was completel}'^ healed, heat 
treatment was started. During the first treatment, while 
he was holding the hand under the heat lamp, the soldier 
again experienced intense pain in the entire hand, which 
persisted as moderate pain for t^ventj'-four hours. A 
second treatment on the following day made the pain 
still worse. The patient’s condition altered notablj'. 
He cornplained of constant and intense burning pain in 
the entire hand, which was intensified greatlv by the 


slightest touch or by movement of any of the fingers. 
The range of motion in the ring finger diminished, and he 
became reluctant to move any of the fingers, all of which 
he held in flexion. The condition continued to grow 
worse. The hand became flushed and edematous and 
was always wet with perspiration. The edema spread 
to involve the entire hand distal to the carpus. The 
patient suffered severely and slept little, despite sedation. 
Salicylates and codeine afforded little relief. 

For ten days after the onset of the severe pain the 
condition continued to grow worse. The soldier was 
reexamined carefully. The blood pressure was 140 
systolic and 100 diastolic in both arms, but, aside from 
the winging of the scapula, the significant findings were 
otherwise limited to the right arm. Pressure over the 
right brachial plexus was slightly painful, in contrast to 
the effect on the left side. Further tests for the scalenus 
anticus syndrome gave negative results. There was 
slight atrophy of the muscles of the right upper 
extremity, including the biceps and the muscles of the 
forearm, but not more than was to be anticipated from 
disuse. The wounds of the hand were well healed. 
There were a few scaled areas on the palm, residue of 
small “blisters,” which appeared to be trophic mani- 
festations. The contrast between the two hands was 
striking. The left hand appeared normal in contour, 
color, temperature, moistness and range of motion. The 
right hand was deeply flushed, wet and cool, and the 
entire hand, particularly the palm, was edematous. 
The fingers, aside from the thumb, were held in pro- 
nounced flexion. All movements were excruciatingly 
painful, and only after strong persuasive suggestion was 
it learned that the fingers could be moved and that 
strength was good in all except the ring finger. The 
skin of the hand, especially the palmar surface, was 
hypersensitive to light touch. The area distal to the 
wound on the ring finger was hypesthetic. 

The diagnosis of causalgia was made, and injections 
of procaine into the first and second thoracic sympa- 
thetic ganglia were considered as a preliminary measure. 
However, as the patient had shown notable alteration in 
his behavior after the onset of the pain, and had become 
moody and ceased to participate in ward activities, 
psychiatric opinion was sought before active measures 
were taken. 

The patient was seen in psychiatric consultation eleven 
days after the onset of the severe pain. He appeared 
worn, moderately depressed and on edge. He was alert 
and cooperative, and there were no indications of 
psychotic trends. He complained of being tired, owing 
to loss of sleep and the constant pain. There were 
no complaints other than those associated with the 
hand. His history prior to induction was essentially 
noncontributory. His parents were living and were in 
excellent health. His home had been congenial. There 
had been no neurotic traits in childhood or adolescence, 
and there were no indications of emotional instability! 
He had_ always been congenial and outgoing and had 
made friends readily. Grade school had been completed 
without faliures. The patient had then worked on a 
ranch and had been enthusiastic about training horses. 
He had married the daughter of the ranch owner a year 
before his induction and had enjoyed a happy married 
life. He recalled that after his injury, at the age of 16, 
when he had fallen from a horse, he had been appre- 
hensive of training horses for a short time but had 
overcome his fears and had begun to compete in rodeos 
as a hobby. 

The interview soon centered on the origin of the 
wound and the patient’s reaction to it. He stated that 
he had turned in his rifle when hospitalized with dengue 
and the accident had occurred on the day of his release 
hospital. He had given no thought to the 
possibility that his rifle might be loaded when he had 
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drawn it from the supply room, as he had never loaded 
it at any time. He had been wiping the barrel with a 
rag when he hit the trigger and the gun discharged. 
When further questions were asked, the soldier started to 
cry. Ever since he had been interviewed by the 
psychiatrist at the evacuation hospital, he had realized 
that it was suspected that he had maimed himself to 
avoid combat. His unit had been alerted to leave for 
combat while he had been in the hospital with dengue. 
The patient was a replacement in a unit that had 
experienced considerable jungle fighting; after hearing 
the tales, he had felt somewhat apprehensive, but he 
denied vehemently having entertained thoughts of injur- 
ing himself to avoid fighting. He had not seriously 
considered the implications that others would place on 
his injury until some time after his arrival at this 
hospital, when he had been informed by the ward officer 
that a line of duty board had found that the injury had 
not been incurred in the line of duty. He had then be- 
come severely upset, as he assumed that it was held that 
he had shot himself purposefully. He started to worry 
about what his friends in his company thought of him 
and what his family would think. He feared that he 
would be discharged dishonorably from the Army and 
that his wife would wish a divorce and his parents 
would not care to have him about their home. He felt 
that if the line of duty board had found this injur3'- to 
be wilful, others would form the same opinion. He had 
considered an appeal but realized that appearances and 
the testimony were against him. He had tried to cover 
his feelings but had difficulty in keeping himself from 
crying, and much of each night was spent in worrying 
about the situation. The patient was certain that he had 
been told of the findings of the board on the day before 
the onset of the acute pain and had slept little that night. 

The testimonj’- was injurious to the patient. Circum- 
stantially, it was difficult to see how there could have 
been a bullet in the rifle unless he had placed it there. 
Nevertheless, the investigating authority had been im- 
pressed, as the psychiatrist at the evacuation hospital 
had been, with the soldier’s sincerity and had found that 
the wound had been purely accidental. However, a 
superior authority had reversed the decision after read- 
ing the testimony and had found that the injury had not 
been incurred in the line of duty. It was this reversal of 
the decision of which the soldier had learned on the day 
prior to the onset of the causalgia. 

The situation was discussed with the patient. It was 
explained that an investigation by the line of duty board 
is not a court-martial. It had not been reconunended 
that he be tried by court-martial, which would have 
been the case if it had been thought that he had wounded 
himself wilfully. The implications of the decision of the 
board were not minimized, but his attitude toward it, 
particularly his hopelessness and resentment, was dis- 
cussed. It was a situation which, even if he considered 
it a miscarriage of justice, was understandable and must 
be met. Considerable discussion was devoted to his con- 
cerns over the attitude which he feared his family would 
adopt. At tlie termination of the interview the soldier 
was greatly relieved and stated that it was good to be 
able to discuss the worries he had been hiding. On the 
same daj^ the surgeon in charge of his care continued 
the discussion, reassuring the soldier of faith in his 
character and stressing the need for the patient to regain 
his self esteem and face the problem. He was given the 
suggestion tliat the hand would begin to improve. The 
patient slept soundly that night for the first time since 
the pain had started and on the following morning 
reported that his hand hurt less. No objective changes 
were visible, but the soldier was encouraged to use the 
hand as much as possible. 

On the afternoon of tlie day following the psychiatric 
interview, the patient was questioned after an intra- 


venous injection of sodium pentothal. He told the same 
story as on the previous day and denied that he had 
sought to escape combat. While still in a hypnotic state 
from the barbiturate, he was given the suggestions that 
the pain would lessen and that the range of motion in the 
hand would increase from day to day. 

The patient continued to sleep well with little, or no, 
sedation, and there was a striking alteration in his atti- 
tude and behavior. He again became friendly with other 
patients, kept working at the movement of his fingers 
and rarely complained of pain. Three days after the 
interview he reported that the pain was moving outward 
from the palm toward the periphery in progressive 
fashion, as had been suggested. Diminution in the flush- 
ing and sweating could be noted. A week after the inter- 
view the hand was painless, and all indications of 
vasomotor abnormality had disappeared; the color and 
sweating were similar to the condition of the left hand, 
and the edema and hyperesthesia had gone. The patient 
appeared cheerful, and he was working at occupational 
therapy to improve the range of motion in the ring 
finger. Brief daily discussions were mainly given to 
reassurance and encouragement. 

Heat therapy was tried again after another week to 
learn whether it would precipitate a recurrence of the 
pain. The patient reported that the treatment was pain- 
less and that he believed it improved motion. Physical 
therapy and heat were given daily thereafter. Improve- 
ment in the range of motion of the ring finger con- 
tinued steadily, and six weeks after the onset of recovery 
but slight limitation of extension remained and strength 
was excellent. The absence of the middle finger caused 
him no inconvenience. After several discussions con- 
cerning the situation, the soldier was returned to his 
unit for full duty. He had decided that, despite his 
reluctance to return to a unit in which he believed 
he was held in disgrace, it would be best for him to 
prove himself in combat and regain the respect of his 
friends. 

COMMENT 

The case appears to have contained all the 
essential components of the causalgia syndrome. 
The injury involved joints and peripheral nerves 
and resulted in the amputation of a finger. There 
was clear evidence of localized autonomic mal- 
function, as shown by the change in the color 
of the skin, edema, sweating and early trophic 
disturbance. There were acute hyperalgesia and 
constant burning pain, which was exacerbated by 
slight stimuli. The least movement was con- 
sidered unbearable, and the fingers were kept 
motionless in a flexed position. 

Recovery started immediately after the patient 
was helped with the handling of his emotional 
problems, which were resultant on the circum- 
stances surrounding the injury. It seemed un- 
likely that the improvement was coincidental, as 
the alteration in his attitude was as pronounced 
as the changes in the hand. It is deemed of 
interest that the therapy was extremely simple. 
It did not involve basic personality traits or a 
change in actual situations or an investigation of 
the possibility of unconscious motivation of the 
accident. The situation was altered by clarifying 
it and by changing the soldier’s attitude toward 
the circumstances. The catharsis of his pent-up 
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emotions afforded considerable relief, which was 
furthered by the help given him in regaining his 
self esteem. The suggestion given under the 
influence of sodium pentothal and the more 
casual suggestion made daily were believed to 
have been beneficial because the ground had 
been cleared by discussions of his concerns. It 
was fortunate that psychiatric help was offered 
early, before the changes had time to become 
fixed, and that the emotional trauma did not 
involve matters that were basic to his personality 
structure. 

Although it has been clear from the literature 
that many persons suffering from causalgia were 


emotionally unstable, there has been doubt that 
such unilateral and localized difficulties, in con- 
trast to more generalized autonomic distur- 
bances, could depend on emotional influences. 
The present case offers striking evidence that 
the emotional state of the patient can, perhaps in 
conjunction with local stimuli arising from the 
traumatized area, influence the local autonomic 
reflexes in a single extremity. 

SUMMARY 

In a case of causalgia, with a typical syndrome, 
recovery followed promptly on simple psycho- 
therapy. 


EROTOMANIA (NYMPHOMANIA) AS AN EXPRESSION OF 
CORTICAL EPILEPTIFORM DISCHARGE 

T. C. ERICKSON, M.D., Ph.D. 

MADISON, WIS. 


Relatively little is known in regard to the 
representation of the sacral segments of the cord 
in the cerebral cortex of man. Penfield and 
Boldrey’^ (1937) recorded sensation in the op- 
posite side of the penis following cortical stim- 
ulation but obtained no motor responses. They 
pointed out that the rarity of responses in the 
lower sacral and genital regions may be due to 
the comparatively small number of stimulations 
which the neurosurgeon is able to perform within 
the central fissure, or possibly to a false sense 
of modesty on the part of the patient. Scarff - 
(1940) observed contraction of the anal sphincter 
in 1 patient after electrical stimulation of the 
medial surface of the cerebral hemisphere. 

In contrast to the paucity of observations in 
man, the representation of the sacral segments 
has been worked out with considerable precision 
in the cortex of the monkey (Woolsey, Marshall 
and Bard,® 1942; fig. 1). It is reasonable to 
suppose that the genitalia and other perineal 
structures in man have a similar sensory repre- 
sentation in the cerebral cortex of the paracentral 
lobule on the medial surface of the hemisphere. 
A priori, one would expect this area to be the 
occasional site of an epileptogenic lesion mani- 
festing itself by a sensory Jacksonian seizure 
with its onset in the genitalia. No such case 
had, however, come to my attention until the 
one presently to be discussed, nor have I been 
able to find a similar instance recorded in the 
literature. 

Read at a meeting of the Chicago Neurological 
Society, April 11, 1944. 

From the Department of Surgery, University of 
Wisconsin Medical School. 
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Representation of Cutaneous Tactile Sensibility in the 
Cerebral Cortex of the Monke}' as Indicated by Evoked 
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REPORT OF A CASE 

Mrs. C. W. was first admitted to the Wisconsin 
General Hospital on May 18, 1939, at the age of 55, 
and, after study, was discharged on June 9, 1939, with 
a primary diagnosis of nymphomania. In the following 
account of her history I shall quote her own descrip- 
tion of the sensation whenever possible. 

The patient stated that she had always “enjoyed 
sexual intercourse,” but since the age of 43 she had 
become increasingly “passionate.” At night she would 
awaken with a feeling of being “hot all over,” as if 
she were having coitus. This sensation would last 
about five minutes. After the first four or five weeks, 
it became more frequent until a year before admission 
(at the age of 54), when it decreased but still occurred 
every afternoon. Her husband suffered from hyper- 



Fig. 1. — Reproduction of cortical sensory chart in the 
monkey (Woolsey, Marshall and Bard,^ fig. 14). In 
this figure, C, T, L. S and Ca with their subscripts 
refer to specific dermatomes of projection. FS. is 
the sylvian fissure ; F.C., the central fissure ; -S.C.M., 
the callosomarginal sulcus; MAX., the maxillary dis- 
tribution ; MAN., the mandibular distribution, and 
OPHTH., the ophthalmic distribution. Note the re- 
sponses obtained from the perineal regions. 

tension and finally had a stroke in December 1938! 
She stated that when he could not satisfy her he made 
“nasty remarks and left her to herself.” When the 
“hot feeling” was pronounced, she could obtain relief 
from a lukewarm tub bath, followed by packing of 
the vagina with cracked ice. 

Ten years before this admission (i. e., about two 
years after the onset of the nymphomania) she suddenly 
felt unable to speak during one of the “hot spells”; she 
became “tight all over” and had “jerking movements” 

226 


ERICKSON— ERO ROMANIA 


227 


of the left leg and the left side of the abdomen. At 
times there was a feeling of movement without actual 
movement. These attacks lasted for twenty minutes 
and recurred daily for a period of two years, but later 
they recurred only once every six months. At first 
she laughed and cried when she had the attacks, but 
she said she was not so hysterical later because various 
physicians had warned her that she would be put in 
a straight jacket if she did not control herself. 

When the nymphomania first began, she had "an 
affair” with another man; but when her husband dis- 
covered it, she irever again tried to satisfy herself in 
this fashion. When she used alcohol or perfume she 
thought her symptoms were accentuated. She joined 
the Mormon church and felt that “their strict rules 
saved her.” Sexual relations with her husband stopped 
when he had the stroke. The nymphomania and her 
husband’s impotence alienated the affection of both her 
husband and her children, 'of whom she had ten, rang- 
ing in age from 18 to 37 years. 

Her menses began at the age of 13 years and oc- 
curred regularly every twenty-eight days, with an 
abundant flow lasting seven days. For six months 
before the first admission to the hospital, at the age 
of 55, the menstrual flow had become more scanty and 
irregular, and she had hot flashes. There was no 
chronologic relation between these menopausal symptoms 
and the nymphomania. 

Physical examination revealed a well developed, 
somewhat obese, white woman. The blood pressure 
was 140 systolic and 90 diastolic. There were a well 
healed thyroidectomy scar, numerous areas of vitiligo 
over the chest and brown pigmentation of the eyelids. 
Dr. M. J. Thornton reported that pelvic examination 
revealed nothing abnormal except for a first degree 
cystocele and rectocele. Cervical smears were negative 
for gonococci and yeast, but Trichomonas was present. 
Biopsy of the endometrium showed a normal follicular 
reaction. Roentgenograms of the chest and sinuses 
revealed nothing abnormal. Hypertrophic arthritis of 
the cervical portion of the spine was observed. Roent- 
genographic study of the left shoulder showed nothing 
abnormal. No other pertinent observations were re- 
corded at this time. In view of the fact that the 
nymphomania was her major symptom, roentgen ray 
therapy (four treatments of 200 r each) was given to 
stop ovarian function. The patient was discharged on 
June 9, with a diagnosis of nymphomania and first 
degree rectocele and cystocele. 

The patient was readmitted to the hospital on Feb. 23, 
1940. Her daughter stated that since discharge there 
had been no sexual irregularities as far as was known 
but that she still had an abnormal desire for inter- 
course. In September 1939 she had a severe and pro- 
fuse menstrual period. The same month she had 
convulsive seizures, which alwaj^s began in the left leg 
after an aura consisting of a “passionate feeling.” During 
these attacks, she bit her tongue; her eyes rolled back 
in her head, and her body stiffened out. The first 
major seizure was followed by a partial paral}>-sis of 
the left side of the body. Phenobarbital, grain 
(0.032 Gm.), had been efficacious in cutting down the 
number of seizures. The patient’s daughter stated that 
her mother had been nervous and at times irrational 
and unreasonable. She had threatened to take her own 
life on several occasions. The patient had no further 
major seizures from September 1939 to February 1940; 
however, she had several slight attacks, during which 
she shook all over for several minutes. She had men- 
strual periods in December 1939 and February 1940. 


In addition to the lesions previously recorded, physical 
examination revealed a large, soft, movable mass, 
probably a lipoma, over the right clavicle; prominent 
inguinal adenopathy ; apical and basal systolic murmurs, 
and a blood pressure of 126 systolic and 70 diastolic. 
Neurologic examination disclosed paresis of the entire 
left upper extremity and, to a lesser degree, of the lower 
extremity. The face was not involved. Reflexes were 
exaggerated on the left side, but a Babinski sign could 
not be elicited. There was no involvement of the tongue 
or face. The fundi were normal, showing relatively 
little sclerosis. The results of pelvic examination were 
essentially normal. 

Routine laboratory studies revealed normal urinary 
constituents, a hemoglobin concentration of 13.4 Gm. 
per hundred cubic centimeters and a white blood cell 
count of 7,250, with a normal differential count. The 
sugar content of the blood was 86 mg. and the non- 
protein nitrogen 31 mg. per hundred cubic centimeters; 
the Wassermann reaction of the blood was negative. 
A lumbar puncture revealed an initial pressure of 236 
mm. of water. The Wassermann reaction of the cere- 
brospinal fluid was negative; the colloidal gold curve 
was 1222100000; the reaction for globulin was faintly 
positive, and the cell count was zero. 

The report of the roentgenographic examination of 
the skull (Dr. Lester Paul) was as follows; “The 
sella is normal in size, but the posterior portion of the 
floor and the posterior clinoid processes appear decalci- 
fied and thinned. The anterior clinoid processes are 
intact. The cranial bones elsewhere are of normal 
appearance. There is no abnormal intracranial calcifi- 
cation or other localizing evidence of intracranial neo- 
plasm. The changes noted in the sella, however, are 
suggestive of erosion from extrinsic pressure.” A 
roentgenogram of the chest showed no significant 
change from the film taken the previous summer. A 
roentgenogram of the dorsal portion of the spine re- 
vealed slight scoliosis to the left side and slight hyper- 
trophic change throughout that portion of the spine. 
There was an old fracture in the posterior arc of the 
left eleventh rib, with evidence of callus. 

It was the opinion of the medical and psychiatric staff 
at this time that the signs presented by the patient 
were the residuals of a vascular lesion in the right 
motor cortex, but that the presence of a neoplasm had 
not been entirely ruled out. In view of the patient’s 
continuing menses, it was felt advisable to provide sev- 
eral more roentgen ray treatments to the ovaries; and, 
after consultation with the department of roentgenology, 
she was given four additional treatments, consisting of 
200 r each. In addition, she received physical therapy 
to the left shoulder and noted some improvement under 
that regimen. Thiamine hydrochloride, 50 mg. daily, 
was provided, as well as theophylline ethylenediamine, 
lYz grains (0.097 _Gm.) four times a day. The final 
diagnoses at the time of discharge, on April 22, 1940, 
.were cerebral vascular accident with symptomatic grand 
mal epilepsy, nymphomania, vitiligo, lipoma and meno- 
pausal syndrome. 

Because of a gradual increase in the left hemjplegia, 
the patient was readmitted to the hospital on June 18, 
1943. During the two year interval since the previous 
admission she had spent most of her time in a nursing 
home. The symptoms of nymphomania had persisted. 
There had been a slight show of blood on two or 
three occasions during the year. The patient said that 
the roentgen ray therapy to her ovaries had not helped 
her menses, and she wished that she had left her hus- 
band and married another man “who could take care of 
her” (intercourse). At this time she described the 
“passionate feeling” as being accompanied by staring 
of the e 3 'es so that she could not move them, and then 
b}’^ feeling that the }'oIk of an egg was running down 
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her throat (apparently a postnasal discharge). She 
also noted that when she blew her nose the left big toe 
drew upward. 

Examination by Dr. Mabel Hasten on June 21 re- 
vealed that there had been a gradual increase in the 
left hemiparesis which originally followed epileptic seiz- 
ures, in 1939. The left side of the face was weak, 
and the left arm and leg had become spastic, with con- 
tracture of the left shoulder joint. A grasp reflex and 
a Wartenberg sign were elicited on the left side. There 
was wrist and ankle clonus. Dr. Hasten expressed 
the belief that the findings strongly suggested a cerebral 
tumor, such as a slowly growing meningioma. 

Lumbar puncture, with the patient recumbent, re- 
vealed an initial pressure of 250 mm. of water. The 
spinal fluid contained no cells, and the protein content 
was 35 mg. per hundred cubic centimeters; the colloidal 
gold curve was normal, and the Wassermann reaction 
was negative. Ophthalmoscopic examination showed 
normal fundi. Roentgenographic examination of the 
skull showed no change since the previous examination, 


end of the rolandic sulcus between the medial surface 
of the hemisphere and the falx (fig. 3). The tumor 
was completely removed, and its area of attachment to 
the falx was coagulated with the Bovie unit. 

On microscopic examination (fig. 4) this tumor was 
observed to be composed of numerous endothelial cells 
and small vascular channels, some of which were 
occluded by a hyaline material. There was no variation 
in cell size and no mitotic figures. A diagnosis of 
hemangioma was made by Dr. W. H. Jaeschke. 

Stimulation of the cortex with the thyratron stimu- 
lator gave slight responses in the arm and face area but 
none in the leg area. The patient was not sufficiently 
cooperative for elicitation of any sensory responses. 
The postoperative course was without any unusual inci- 
dent except for the occurrence of a single local clonic 
seizure involving the left arm alone on the fifth post- 
operative day. The patient occasionally complained of 
pain in the left arm and leg, which was felt to be due 
to contractures following the long-standing hemiplegia 
The pain improved with physical therapy. The sub- 



Fig. 2. — Pneumoencephalograms of the patient, showing the location of the parasagittal tumor. 


when there were thinning and decalcification of the 
dorsum sellae. In the occipital region an area of 
translucency 1 cm. in diameter was thought to represent 
a congenital ossification defect, since it was midline in 
position and had not changed over a period of years. 
The patient had a jacksonian seizure on the left side on 
the day prior to operation ; this was similar to the 
seizures previously described. 

Pneumoencephalographic study, carried out on July 1, 
1943, revealed a shift of the midline structures from 
right to left, with flattening of the roof of the right 
lateral ventricle to a level at least 1 cm. lower than that 
of the left lateral ventricle (fig. 2). There was absence 
of air in the subarachnoid channels over the right 
hemisphere except for filling of the island of Reil, which 
was lower in position than the corresponding structure 
on the left side. It was concluded that there w'as an 
expanding, space-occupying lesion in the right parietal 
parasagittal region. 

_ An osteoplastic craniotomy w as performed in the 
right parietal region, with the use of local anesthesia, 
on July 1, 1943. The tumor was noted at the upper 


jective symptoms of nymphomania were present on 
only one occasion after operation, from which her con- 
valescence was rapid and otherwise uncomplicated. 

A Rorschach test, done on the thirtieth postoperative 
day by Dr. M. Harrower-Erickson, was reported as 
follows: “The record is within normal limits. There 
is no indication whatever of the typical organic per- 
sonality pattern. Another surprising feature is the 
speed with which the responses are made and the 
number of original responses that are given. There 
are no unusual sexual responses. Evidence of good 
contact with the environment and adequate control is 
present. Wliile the record is not one of a particularly 
intelligent person, there is no suggestion of intellectual 
deterioration.” 

Partial left hemiplegia persisted when the patient 
left the hospital after operation. She wrote frequent 
letters revealing that she was resentful of the use of 
roentgen ray therapy to the ovaries, and she also ex- 
pressed fear because of persistent paralysis that she 
might have another cerebral tumor. In July 1944, a year 
after removal of the tumor, she returned to the hos- 
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pital for examination. She had had no headaches and 
no comoilsive seizures. Once, while helping to lift 
another patient, she had noted shaking of the left arm, 
which was interpreted as clonus. When asked if she 
had had an}-^ “passionate spells” since operation, she said, 
“No, I haven’t had anjs the}’^ were terrible things.” 
Closer questioning revealed that she had what she 
interpreted as normal sexual desire, but she insisted 
that this did not have the insistent character and un- 
controllability of the previous attacks. The strength 
in her leg had improved so that she was able to walk 
well, but the hand had shown little improvement. 

She had had no urinary difficulty; her appetite was 
good, and she had had no vertigo, tinnitus or syncope. 



Fig. 3. — Diagrams illustrating the location of the 
neoplasm as disclosed at operation. 


She had not had any menstrual bleeding except for a 
slight show on two days in the autumn of 1943. 

Examination at this time showed that the patient still 
had spastic left hemiplegia, which was complete in the 
arm and partial in the leg. There were astereognosis 
in the left hand and loss of skin writing and position 
sense. The wound was well healed, and the cranial 
nerves were normal. 

COMMENT 

In this case nymphomania was clearly the result 
of a tumor which caused excitation of the topical 
projection of the genital structures on the medial 
surface of the cerebral hemisphere. For two 
years the patient presented no symptoms other 
than the nymphomania. The significance of this 
symptom was only evident when the same sen- 


sory experience was followed by jacksoilian sei- 
zures and, finally, by progressive hemiplegia. 

The sensory representation of the genitalia 
has been demonstrated in monkeys to lie in the 
paracentral lobule at the upper lip of the calloso- 
marginal sulcus (fig. 1 ; Woolsey, Marshall and 
Bard ®). In my patient electrical stimulation of 
the cortex gave a few responses in the arm area 
of the precentral gyrus but was not satisfactory 
in the immediate vicinity of the lesion because 
of the depression of function, caused no doubt 
by removal of the vascular tumor. The tumor 
was attached to the falx and impinged on the 
paracentral lobule on the medial surface of the 
hemisphere just above the sulcus cinguli, an 
area homologous to that which contains the sen- 
sory representation of the genitalia in monkeys. 

The patient’s description of her initial sensa- 
tion did not enable me to localize it to any par- 
ticular portion of the genitalia, nor was jt de- 
scribed as a numbness or tingling similar to 
the usual sensory seizures. It seemed to be 
mainly contralateral to the cortical lesion. To 
quote the patient: “These spells are just the 
same as ordinary intercourse, but only on the 
left side. They are relieved for a while after 
intercourse, but I could have intercourse all the 
time without very much relief.” She denied 
any attempt at masturbation or recent homo- 
sexual activity. The patient did not distinguish 
this sensation from the normal, and it led her 
to seek sexual intercourse. Although this “pas- 
sionate feeling,” as she called it, had the usual 
agreeable qualities of the normal, its frequency 
and uncontrollability, and the fact that it was 
later followed by a jacksonian epileptic march, 
made it annoying and distasteful to her. 

Thorough and repeated gynecologic examina- 
tions failed to » reveal any peripheral cause of 
the nymphomania. My colleagues in gynecology 
tell me that local changes in the pelvis are rarely 
responsible for this symptom and that a patient 
with this disturbance is usually referred to the 
psychiatrist. 

According to Forel^ (1926), erotomania (nym- 
phomania) is especially noted with acute mania 
and with the early stages of dementia paralytica 
and senile dementia, as well as temporarily or 
permanently with other psychoses. It is worthy 
of note that my patient showed no psychotic 
traits either in the Rorschach test or on clinical 
examination. Her malady might well have been 

4. Forel, A.; .The Sexual Question: A- Scientific, 
Psj'chological, Hygienic and Sociological Study, ed. 2, 
translated by C. F. Marshall, New York, Physicians 
and Surgeons Book Companj', 1926. 
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expected to give rise to indirect pS3'chologic 
changes, as it did. 

■ Many of the recent papers on nymphomania 
discuss the effect of endocrine preparations, but 
there is no consensus in regard to the results 
with the various glandular substances. In the 
present case artificial menopause induced by 
irradiation of the ovaries, only partially effective, 
it is true, had no influence on the n)'^mphomania ; 
in fact, the condition progressed steadily and 
ceased only after the removal of the cerebral 
tumor. That the nymphomania was more severe 
in association with the menstrual periods was 
no doubt due to changes in the neoplasm as 
the result of premenstrual edema. The accentua- 


Whether the t}^pe' of lesion presented by this 
patient represents an extreme rarity among 
patients with symptoms of nymphomania or 
whether there are other, similar, cases which 
have gone unrecognized is impossible to ascer- 
tain until psychiatrists and neurologists direct 
their attention to the possibility of the existence 
of an organic lesion in the sensory area of the 
cortex in patients with erotomania (nympho- . 
mania or satyriasis). Either a tumor or an 
atrophic lesion might be expected to produce 
such a symptom if it caused irritation of the 
area of the sensorimotor cortex representing the 
genitalia. Finally, one should not necessarily 
expect to encounter a large tumor as the cause. 



Fig. 4. — Photomicrograph of encapsulated hemangioma removed at operation. 


tion of symptoms due to cerebral tumor in this 
way is well known. The late onset of the meno- 
pause suggests tlie possibility that the delay was 
caused b}' the abnormal or excessive innervation 
of the genitalia. 

Although the lesion was no doubt close to the 
cortical representation of the urinary bladder, 
the patient at no time had an)!- urinary difficulty, 
owing perhaps to bilateral innervation of this 
structure. This particular tumor no doubt varied 
greatty in size because of its vascular nature. 
In fact, the pneumoencephalogram suggested the 
presence of a much larger tumor than was actually 
removed at operation, and one can assume that 
this was due to a variation in its size from time 
to time. 


for even a small cicatrix or vascular lesion might 
theoreticaly give rise to an epileptiform dis- 
charge in this region. 

SUMMARY 

Erotomania as the initial manifestation of a 
cortical epileptiform discharge has not previously 
been described. In the present case the patient 
began to manifest nymphomania, which occurred 
in paroxysms of short duration, at the age of 
43 years. Two years later these spells of nym- 
phomania served to usher in typical Jacksonian 
seizures, ' spreading first to the left lower ex- 
tremity. With repetition of the focal seizures 
postictal paralysis supervened. Examination re- 
vealed the presence of a neoplasm, causing excita- 
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tion of the topical projection of the genital struc- 
tures in the right paracentral lobule. A year 
after operative removal of the neoplasm the pa- 
tient no longer exhibited nymphomania. 

DISCUSSION 

Dr. Victor E. Gonda^ Chicago : The lesion being so 
near the paracentral lobule, I should like to ask whether 
this patient ever had any subjective or objective urinary 
difficulties. * 

Dr. RAX.PH C. Hajiill, Chicago: I had a patient, 
a girl aged 19, with a tumor of the pineal gland the 
size of a small olive. She had definite nymphomania. 
I wonder whether the pineal gland or the paracentral 
lobule was irritated b}" the tumor. 


Dr. Theodore C. Erickson, Madison, Wis. My patient 
did not have any urinary complaints. I do not see how 
a pineal tumor could come into contact with this region 
of the cortex. My associates and I have seen several 
* patients with lesions of the frontal lobe who exhibited 
increased libido, and I always assumed it was due to 
lack of inhibition. 

Note: — In the discussion following presentation of 
this case before the Montreal Neurological Society Feb. 
7, 1945, Dr. Wilder Penfield described a patient with 
a lesion of the temporal lobe who exhibited sexual ideas 
as a component of his dreamy states. In the cases 
reported by Dr. Hamill and Dr. Penfield there was no 
doubt discharge from a higher, lev^el of representation, 
in the jacksonian sense, than that in the present case. 

State of Wisconsin General Hospital. 
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ELECTROENCEPHALOGRAPHIC CHANGES IN A CASE OF 
SUBARACHNOID HEMORRHAGE 

N. Savitsky, M.D.; B. L. Pacella, M.D., and F. D. Stern, M.D., New York 


Despite an extensive literature dealing with 
subarachnoid hemorrhage, we have been unable 
to find any electroencephalographic studies of 
this disease. The occurrence of spontaneous 
bleeding into the subarachnoid space of a pa- 
tient already in the hospital who had been under 
observation for a period and had had a previous 
electroencephalogram afforded an unusual op- 
portunity to follow the electrophysiologic changes . 
which occurred. The electroencephalographic 
data furnish cogent evidence that significant 
changes occur within the brain. These data 
corroborate the clinical and pathologic evidence 
that such changes do occur within the brain in 
cases of subarachnoid hemorrhage, even when 
the source of bleeding is not intracerebral. 

REPORT OF CASE 

History. — M. H., a man aged 50, was admitted to the 
Montefiore Hospital on March 4, 1943, with complaints 
of difficulty in walking, pain in the left arm and a 
feeling as though "the arm were broken and the cracks 
were trying to get together.” For several years prior 
to admission he had had moderately severe occipital 
headaches, which were frequently relieved by acetyl- 
salicylic acid. For two or three years projectile vomit- 
ing, usually not preceded by nausea, had at times 
accompanied these headaches. He had also complained 
of ready fatigue since the onset of his illness. He had 
had sharp pains in the arms and, less frequently, in 
the legs for six years. A few attacks of diplopia had 
occurred over a period of about five years. There was 
an unclear history of iritis about two years before 
admission. 

On July 4, 1942 the patient attended a picnic with 
his wife, where he ate frankfurters. On the way home 
he felt ill and vomited. The next morning he had chills 
and complained of dizziness, with objects in the room 
apparently turning around. His wife noticed that his 
face was “pulled to the right.” This “pulling of the 
face” gradually became worse over a period of one 
week. About October 1942 he began to show improve- 
ment. 

At about this time the patient also noticed weakness 
of the left side of the body. On July 13 he was ad- 
mitted to a hospital, where he received physical therapy 
and intravenous injections of typhoid vaccine, with im- 
provement. During the few months before his admission 
to the Montefiore Hospital he became worse, and walk- 
ing became increasingly difficult, until he required sup- 
port to get about. His wife added that his speech 
had become less clear. She also described personality 
changes ; he became more abrupt and less courteous. 

The past and the family histories were without sig- 
nificance. 


From the Electroencephalographic Laboratory, Monte- 
fiore Hospital for Chronic Diseases, Dr. S. P. Goodhart, 
Director, and the New York State Psjxhiatric Institute 
and Hospital. Dr. Nolan D. C. Lewis, Director. 


Examination . — Physical examination showed no evi- 
dence of disease of the internal organs. The blood 
pressure was 140 systolic and 90 diastolic. The fundi 
showed arteriosclerotic retinopathy. 

Neurologic study revealed shuffling gait, with a ten- 
dencj’' to marche a petits pas; weakness of the entire 
left side of the body; increased deep reflexes, especially 
of the left side, and a Babinski sign bilaterally, which 
was more definite on the left side. 

Roentgenographic examination of the chest showed 
slight enlargement of the heart, with a rounded left 
ventricle and moderate tortuosity and dilatation of the 
aorta. A roentgenogram of the skull revealed nothing 
abnormal. 

Laboratory Data. — Urine : The reactions for albumin 
and sugar were negative. 

Blood: Determination of the chemical constituents of 
the blood showed 14.3 mg. of urea nitrogen and 95 mg. 
of sugar per hundred cubic centimeters of blood. The 
hemoglobin concentration was 91.8 per cent. The red 
cells numbered 5,110,000, and the white cells 9.150, with 
a differential count of 42 per cent polymorphonuclear 
leukocytes, 48 per cent lymphocytes, 4 per cent eosino- 
phils and 6 per cent mononuclears. 

The Wassermann and Kahn reactions were negative. 

Spinal Fluid: The fluid was slightly cloudy. The 
Pandy reaction was 1 plus. The cell count showed 739 
crenated cells, 5 fresh red cells and 2 white cells (prob- 
ably the result of trauma) per cubic millimeter. 

The initial pressure was 190 mm. of water; the final 
pressure, after removal of 10 cc. of fluid, was 120 mm. 
There was no sign of blood. 

The sugar content was 76 mg. and the protein con- 
tent 16 mg. per hundred cubic centimeters. 

Course of Illness . — The patient’s condition was rela- 
tively stationary until Feb. 3, 1944. On that day he 
complained of inordinate weakness. During the evening 
of the same day he began to have projectile vomiting, 
vertigo, intermittent sensations of coldness and general- 
ized tremulousness. Examination the same day revealed 
a blood pressure of 220 systolic and 160 diastolic; his 
pulse was rapid. Except for a bilateral Hoffmann sign, 
the neurologic signs were unchanged. 

During the next few days the patient continued to 
vomit; he became drowsy and slept a great deal. 
Rigidity of the neck appeared. The temperature rose 
slowly, reaching 103.8 F. on February 8, and then re- 
ceded slowly, becoming normal again on February IS. 
He improved slowly. Some drowsiness persisted. 

On February 8 lumbar puncture yielded a pinkish 
yellow fluid. The initial pressure was 340 mm of water, 
and the final pressure, after removal of 10 cc., was 
220 mm. The cell count revealed 11,000 red blood 
cells, with a few crenated forms, and 160 white cells; 
the total protein content was 69 mg. per hundred cubic 
centimeters. 

On February 10 spinal tap revealed xanthochromic 
fluid. The Pandy reaction was positive. A cell count 
showed 273 red blood cells, mostly crenated, 333 poly- 
morphonuclears and 69 lymphocytes. The total protein 
content was 64 mg per hundred cubic centimeters, 
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Another spinal tap, on March 16, revealed a clear 
fluid, a negative Pandy reaction, an initial pressure of 
130 mm., and a final, pressure, after removal of 10 cc., 
of 80 mm. per hundred cubic centimeters. The protein 
content was 52. mg. per hundred cubic centimeters. 

Electrociicephalographic Observations. — Electroen- 
cephalographic tracings were obtained on three sepa- 
rate occasions. The first record was taken Sept. 16, 
1943, several months prior to the subarachnoid hemor- 
rhage. This record showed much 7 to 8 cycles per 
second rhythm over the entire cortex, in addition to 
random 5 to 6 cycles per second activity. The pattern 
suggested widespread cerebral disturbance and was 
consistent with the presence of chronic generalized 
cerebral changes. No focal abnormalities were evident 
(figure). 

On Feb. 11, 1944, approximately one week after the 
subarachnoid hemorrhage, an electroencephalogram 


spread cerebral disturbance, possibly related to 
chronic degenerative (vascular [ ?] ) changes in 
the brain, subsequent records revealed a definite 
increase in this disturbance. The important 
point in these studies is the observation that the 
abnormality in the electroencephalogram con- 
tinued to increase for some time after the hemor- 
rhage in spite of the fact that there were no 
evidences of increased intracranial pressure or 
repeated bleeding in the subarachnoid space. 
This suggests that the observed electrocortical 
abnormalities are not related solely to the 
mechanical effect or pressure of the blood on 
the cortex, but probably are due to other factors 
in which the cortex is directly affected. 

The hypothesis that intracortical changes 
occur in cases of subarachnoid hemorrhage is 
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Electroencephalograms taken before (Sept. 16, 1943) and 

showed considerably more abnormal activity than was 
previously recorded, with higher amplitude and a 
greater incidence of 5 cycles per second serial activity, 
appearing over the entire brain (figure). 

On February 25 another electroencephalogram showed 
progression in the degree of abnormality, with numerous 
2 to 4 per second waves of high amplitude appearing 
over all regions of the cortex. The last record indi- 
cated an increase in intensity of the physiologic distur- 
bance in the brain since the previous electroencephalo- 
gram (figure). 

COMMENT 

W e have found no reports on electroencephalo- 
graphic studies in cases of subarachnoid hemor-' 
rhage in which tracings were made before and 
after the incident. Although the first record 
taken prior to the hemorrhage revealed wide- 


after (Feb. 11 and 25, 1944) subarachnoid hemorrhage. 

in conformity with the previously expressed 
opinions of several investigators. Bagle}^,^ after 
injecting blood into the subarachnoid and cis- 
ternal spaces of dogs, demonstrated the existence 
of small areas of cortical damage in which the 
blood had penetrated into the depths of the sulci. 
Strauss and associates,^ in his autopsy material, 
showed that subarachnoid hemorrhage is often 
accompanied by injury to the cerebral cortex. 

1. Bagley, C.; Blood in the Cerebrospinal Fluid: 
Resultant Functional and Organic Alterations in the 
Central Nervous System, Arch. Neurol. & Psvchiat 
17:18 (July) 1938. 

2. Strauss, I.; Globus, J. H., and Ginsburg, S. W.: 
Spontaneous Subarachnoid Hemorrhage, Arch. Neurol 
& Psvchiat. 27:1080 (May) 1932. 
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Friedman ® reported 4 cases in which, in addi- 
tion to signs of subarachnoid bleeding, evidence 
of focal lesions of the brain was presented. He 
stated that the hemiplegia in these cases oc- 
curred as a result of seepage of blood into the 
brain. Noetzel ^ demonstrated that when small 
amounts of trypan blue are- injected into the 
subarachnoid space, the brain substance becomes 
colored. He reported 2 cases of old subarachnoid 
hemorrhage in which there was evidence of diffu- 
sion of blood into the brain substance. He 
noted hemosiderin in the cerebral cortex, the 
cerebellum and the periphery of the spinal cord. 
Such continued seepage of blood into and dis- 
integration within the brain may account for the 
increase in the abnormality of the electroen- 
cephalogram. 

One of us (N. S.) ® reported sequelae in 8 
per cent of his 100 cases of subarachnoid hemor- 
rhage, although in some cases they may have 
been manifestations of the underlying disease 
which caused the bleeding into the subarachnoid 
spaces. Jacksonian attacks occurred in 2 cases ; 
homonymous hemianopsia, in 2 cases; aphasia, 
in 2 cases;' secondary optic nerve atrophy, in 

3. Friedman, E. D. : Spontaneous Subarachnoid 
Hemorrhage with Signs of a Focal Lesion in the 
Brain, J. Mt. Sinai Hosp. 5:255 (Nov.-Dee.) 1938. 

4. Noetzel, H. : Diffusion von Blutfarbstoff in der 
inneren Eandzone und ausseren Oberflache des Zen- 
tralnervensystems bei subarachnoidaler Blutung, Arch, 
f. Psychiat. 111:129 (Jan. 10) 1940. 

5. Savitsky, N. : Subarachnoid Hemorrhage, in Nel- 
son’s Loose Leaf Medicine, New York, Thos. Nelson 
& Sons, to be published. 


1 case, and a severe memory defect, for a whole 
year, in 1 case. Mental sequelae in the form 
of memory defect and Korsakoff psychosis have 
been described.® These mental changes often 
become severe a few days after the onset, some- 
times lasting a few weeks. Carmichael and 
Stern ^ suggested that the hemolyzed blood acts 
as a toxic agent, pointing to the latent interval 
of several weeks between the onset of the sub- 
arachnoid hemorrhage and that of the mental 
syndrome. 

SUMMARY 

In a case of subarachnoid hemorrhage ir 
which electroencephalographic tracings were 
made before and, on two separate occasions, 
subsequent to the hemorrhage, the electroen- 
cephalogram revealed diffuse changes after the 
hemorrhage; the abnormality increased after a 
time of observation without any associated in- 
creased intracranial. pressure. This observation 
suggests that the disturbance is due not merely to 
the presence of blood -on the cortex but to other 
factors in which the cortex is directly affected, 
such as seepage into the brain and its disin- 
tegration. 

1882 Grand Concourse. 

722 West One Hundred and Sixty-Eighth Street. 

671 West One Hundred and Sixty-Second Street. 

6. Tarachow, S. : The Korsakoff Psychosis in Spon- 
taneous Subarachnoid Hemorrhage, Am. J. Psychiat. 
95:887 (Jan.) 1939. 

7. Carmichael, E. A., and Stern, R. 0. : Korsakoff’s 
Syndrome: Its Histopathology, Brain 54:189 (June) 
1931. 
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f Physiology and Biochemistry 

I Functioxal Organization of the Medial Aspect 
OF THE Primate Cortex. Percival Bailey, Ger- 
HARDT VON BONIN, EdWARD W. DaVIS, HuGH H. 
Carol, Warren S. McCulloch, Ephraim Rose- 
man and Anibal Silveira, J. Neurophysiol. 7:51 
(Jan.) 1944. 

I Bailey and his collaborators used the strychnine 
technic to determine the physiologically distinguishable 
areas on tlie medial surface of the cerebral cortex in 
Macaca mulatta and chimpanzees. The authors found 
area 24, in the anterior portion of tlie gyrus cinguli, 
to be a suppressor area. From area 23, in the pos- 
terior and superior part, impulses could be traced to 
the preoccipital and parastriate areas and, in the ma- 
caque, to the anterior nucleus of the thalamus. Area 
29, in the gyrus cinguli and near the splenium of the 
corpus callosum, had no other cortical connections but 
in the macaque projected to the anterior nucleus of 
the thalamus. Along the sulcus cinguli a region homol- 
r ogous with areas 32 and 31 was found to receive con- 
nections from all known suppressor areas .of the cortex 
but did not of itself project to these areas. Commis- 
sural connections were demonstrated for area 32, but 
not for area 31. The firing characteristics were deter- 
mined in the chimpanzee for areas on the medial sur- 
face of the frontal lobe. These areas may correspond 
with Brodmann’s areas 10, 11 and 12. In the macaque 
these areas could not be identified. 

k 

Forster, Philadelphia. 

Studies on the Treatment of Epidemic Experi- 
mental Poliomyelitis with Poliomyelitis Anti- 
streptococcic Serum: Summary of Results. E. 
C. Rosenow, Proc. Staff Meet., Mayo Clin. 18:403 
(Oct. 20) 1943. 

t 

Rosenow summarizes the results of his studies, which, 
he believes, indicate a causal relation of the strepto- 
coccus to poliomyelitis, the proof being the production 
of the classic clinical and pathologic picture of poliomy- 
elitis in monkeys with virus derived from streptococci. 

In 1916 Rosenow first immunized horses with freshly 
isolated strains of the living streptococcus of poliomy- 
elitis which he claims to have obtained from human 
beings. Later he employed strains freshly isolated from 
the spinal cords of monkeys which had died of experi- 
mental poliomyelitis after inoculation of the virus. At 
the. end of the period of immunization the antistrepto- 
coccic horse serum, in extremely high dilutions, agglu- 
tinated specifically the poliomyelitis type of strepto- 
coccus. It protected rabbits against inoculations with 
the streptococcus and monkeys against inoculation with 
poliomyelitis virus. 

Irrimune serum was first employed for patients 
during the 1917 epidemic. The serum was administered 
as soon as the diagnosis was established. The mor- 
tality rate in an untreated group of 23 patients was 35 


per cent. Of the 58 patients who received tHe serum, 
10 (17.2 per cent) died. Aside from the 7 patients who 
were practically moribund at the time of the first serum 
treatment and died, 3 (5.9 per cent) of 51 patients died 
for whom the serum might have been beneficial. 
Paralysis did not develop in any of the 19 patients to 
whom serum treatment was given before its onset, and 
all promptly recovered. Patients who showed evidence 
of bulbar involvement, and even those in the early 
stages of partial or complete coma, often responded 
favorably to administration of the serum, provided it 
was given soon after the onset of these symptoms. 

The current method of preparation of the antiserum is 
as follows : Freshly isolated dense suspensions of strep- 
tococci are placed in glycerin (2 parts) and a 25 per 
cent solution of sodium chloride (1 part) and kept in 
a refrigerator. Antigenic specificity is preserved almost 
indefinitely. All subsequent batches of antistreptococcic 
serum used for treatment are prepared by diluting such 
dense suspensions as are needed for injections throughout 
the period of immunization. 

Of the total of 2,664 patients who were treated with 
the serum, 252 (9.6 per cent) died, as compared with 
583 (21.3 per cent) of 2,737 patients in the same epi- 
demic who were not given serum. In experiments with 
monkeys, the animals who were given serum exhibited 
a mortality rate one-half to one-third that of the un- 
treated control group. 

In the course of these studies, the euglobulin fraction 
of poliomyelitis antistreptococcic serum was found diag- 
nostic when employed in a cutaneous test. Ninety-tw6 
per cent of 324 persons ill with poliomyelitis for from 
one to fifteen days showed an erythematous patch of 
5 sq. cm. or more in from five to ten minutes after the 
intradermal injection of the euglobulin fraction. 

Rosenow states that objections to the general adop- 
tion of this treatment have been removed since his 
recent demonstration of microdiplococci in filtrates of 
the virus. Further, the classic picture of the disease 
has been produced in monkeys with virus derived from 
the streptococcus, and the diagnostic and preventive 
action of the serum has been demonstrated. 

Guttman, New York, 

On the Mode of Representation of Movements 
in the Motor Cortex, with Special Reference 
to “Convulsions Beginning Unilaterally” * 
(Jackson). F. M. R. Walshe, Brain 66:104, 1943. 

Walshe points out that the first indication of a 
representation of movement and of function in the 
cerebral cortex was deduced from clinical observation. 
The clinical neurologist today, viewing tlie knowledge 
at hand regarding the nature of the cortical represen- 
tation of movements, finds two apparently unrelated 
sources of information: (1) the literature of electrical 
stimulation of the cortex, presenting the picture of a 
mosaic of excitable points, each yielding a character- 
istic motor response, as well as the instability of the 
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excitable cortex, as evidenced by facilitation, deviation 
and reversal; and (2) the clinical phenomena of Jack- 
sonian fits, with their three predominant foci in the 
motor cortex, resulting in movements of the thumb 
and index finger, the angle of the mouth and the 
hallux. The literature on experimental physiology of 
the motor cortex has been primarily oriented along 
anatomic, lines; that is, it has been more concerned 
with -the “where” than the “how” of the cortical repre- 
sentation of movement. Jackson pointed out that the 
cerebral cortex represents sensorimotor processes, and 
not the performing parts. That muscles- themselves 
are not represented in the cortex is indicated by the 
common clinical experience of paralysis of the exten- 
sors of the wrist in voluntary extension, with the 
presence of powerful synergistic contraction in forced 
grasping. Through study of the movements elicited 
by electrical excitation or disease processes of the 
cortex, the nervous mechanisms involved in a given 
movement have been determined, and so the movement 
has come to be considered localized, or represented. 
Building up on this basis produced general principles 
of cortical representation and of the mode in which 
the cortex initiates movement. Thus used, “represen- 
tation” means all those processes in the cortex by 
which these visible results are brought about. How- 
ever, according to Jackson’s hypothesis, the motor cor- 
tex represents all the movements which an individual 
organism is capable of initiating. Thus, a pattern of 
excitation must exist for each purposive movement, 
and the leading motile parts must have the most 
extensive representation; the greater the spatial exten- 
sion of representing cortical structures, the more com- 
plete must be the integration. The motor cortex must 
be considered not as a mosaic of abrupt localizations 
but as a complex pattern of overlapping and graded 
representations. Therefore, after a focal lesion, while 
the functions of the destroyed area are not taken over 
by other areas, the vast repertory of movement left 
may allow the functional deficit to be hidden; on the 
contrary, a stimulating lesion may release a widespread 
convulsion without necessarily a wide distribution of 
the excitatory process through the cortex. Walshe 
points out the difficulty in reconciling the theories of 
punctate localization with the phenomena of facilita- 
tion, deviation and reversal of response, but on the 
basis of Jackson’s hypothesis of cortical representation, 
these phenomena are accounted for by the changes in 
the relative thresholds of excitability in the different 
patterns of excitation. Each focus in the motor cortex 
has through neuronal connections the substratum of 
many patterns of excitation, but one of these is pri- 
mary. Appropriate antecedent local stimulation \vill 
bring about facilitation by lowering the threshold of 
•excitability, so that the change is not spatial, but is 
due to deviation of response. Therefore deviation, as 
well as augmentation and reversal, of response, is a 
consequence of facilitation. Coordination in time, result- 
ing in the orderly sequence of movement, probably has 
as its primary^ factor facilitation. A destroying lesion 
of the cortex, in both man and experimental animals, 
is followed by partial return of function. This, Walshe 
contends, is inexplicable on the basis of the theory of 
punctate localization but is consistent with Jackson’s 
hypothesis; in other words, moving parts must have 
wide representation in the cortex, and cortical points 
must contain many representations. Walshe reviews 
the clinical features involved in convulsions beginning 


unilaterally and indicates those which tend to corrob- » 
orate Jackson’s hypothesis of representation and the | 
foregoing correlation of that hypothesis with present 
neurophysiologic observations. Since a convulsion may 
spread although cortical discharge may remain re- 
stricted, and since the patterns of unilateral seizures 
beginning in two different peripheral parts differ, 
Walshe concludes that the field of convulsion in the 
musculature is ‘probably always wider than the field 
of cortical excitation. The compound order of spread 
of ‘a unilateral seizure (increase' in intensity as well 
as in distribution) is explicable on Jackson’s hypo- 
thesis, but not on the theory of punctate localization. 
The onset of Jacksonian seizures in one of three areas 
is not explicable on the basis of the punctate theory 
but can be accounted for only by Jackson’s hypothesis, 
and these three “leading parts” probably have the 
widest fields of low threshold excitability. The spread 
of unilateral seizures is not always consistent with the 
topographic charts of the motor cortex; these excep- 
tions are consistent with the Jacksonian concept of 
representation. Jackson maintained that rriovements of 
both halves of the body were represented in the motor 
cortex of each hemisphere, and so focal convulsions from 
one motor cortex could become generalized. Walshe 
compares this with the frequent observation of bilateral 
neurologic signs in cases of severe hemiplegia. Focal 
seizures characterized by sudden transient motor im- 
pairment or loss of speech may afford confirmation of 
the presence of inhibitory areas of the cortex. The 
same mechanism may explain the postseizure flaccid 

Forster, Philadelphia. 

Psychiatry and Psychopathology 

A Neuropsychiatric 'View of German Culture. 

Richard M. Brickner and L. Vosburgh Lyons, 

J. Nerv. & Ment. Dis. 98:281 (Sept.) 1943. 

Brickner and Lyons point out that the technics of 
neurology, psychiatry, psychology and anthropology 
have had little acceptance thus far in the solution of 
group problems, the oversimplifications of economics 
and politics still holding sway. Knowledge of group 
behaviors gained through use of these sciences are 
applied to the problem of the German cultural pattern. 

There has existed for more than one hundred, years 
a dominant German cultural attitude, characterized by 
systematized megalomania, sense of mission, suspicious- 
ness, sense of persecution, retrospective falsification, 
projection, mysticism, lack of critical Judgment, lack 
of humor, extreme use of rationalization and impeccably 
logical elaboration of original premises. This constel- 
lation of paranoid thinking is a dominant trait in 
German culture and is considered to be not only accept- 
able but desirable. It is dangerous to the rest of the 
world because it is contagious, murderous and enslav- 
ing and attempts to be dominating. 

The outlook with regard to treatment is not as dismal 
at it w'ould be with the paranoid individual, since para- 
noid and nonparanoid elements are embodied in separate 
persons, rather than in the same personality. The hope 
in the therapeutic program depends on that segment 
of the population which is nonconforming to the domi- 
nant cultural attitude. The first step in treatment would 
be the immediate identification of conformers and non- 
conformers, with" the disposal of the former so as to 
prevent their having any kind of power or influence. 
This would mean putting to death the conformist leaders 


ABSTRACTS FROM CURRENT LITERATURE 


237 


and isolation and supervision of the large body remain- 
ing. An essential step in fhe program of long term 
treatment would be the establishment of the noncon- 
forming segment of the population in power and political 
influence. Reculturization, the replacement of old ways 
of thinking and old institutions by new oneSj and a 
general atmosphere of freedom from paranoid values 
are therapeutic measures of importance. In education 
the aim would be to substitute Germans who could 
think objectively and rationally about Germany or any 
other subject for those of the older education, who 
were taught primarily the glorification of Germany. 
This principle and aim. should permeate and guide the 
teaching of all the subjects of the curriculum, especially 
history, geography and anthropology. Adult education 
of a similar nature, through the agencies of press, 
screen, radio, stage, meetings and the children, would 
be equally important. The elimination of the old 
pattern of domestic hierarchy under the harsh and 
dominant father would be one of the aims of the educa- 
tive process. The small army left remaining wouW 
have to be totally reorganized to put an end to the 
Prussian system of military caste and prestige. The 
same need would apply to the police force. 

The authors recognize that the aforeoutlined measures 
could be applied only in the framework of new political 
and economic organization, but they feel that the latter 
would be futile without the employment of plans of the 

type they describe. Chodoff, Langley Field. Va. 

Proloftged Case of Grief Reaction Treated by 

Electric Shock. Abraham Myerson, New Eng- 
land J. Med. 230:255 (March 2) 1944. 

Myerson reports on 4 female patients suffering from 
“grief reaction” after the death of a husband or child. 
The symptoms were severe and prolonged, and psycho- 
therapy was tried, without success. One patient had 
had a depression four years, and it was necessary to 
produce amentia by electric shock before further shock 
treatment could effect abatement of symptoms and re- 
turn of memory. The other 3 patients, whose loss by 
death was recent, responded after a few electric shock 
treatments and achieved adequate reorganization of 
personality. 

Myerson concludes that “physiologic alterations of an 
unknown type take place, and this is the basis of 

recovery. Guttman, Philadelphia. ^ 


Types of Female Castration Reaction. Emeline P. 

Hayward, Psychoanalyt. Quart. 13:45, 1944. 

Women who have oriented their lives around penis 
envy fall into' two main groups — the wish fulfilment 
type and the revengeful type. The revengeful type 
lives a barren existence, all- her potentialities being 
directed toward revenging herself on the world for her 
defect. The wish fulfilment type has acquired a penis 
equivalent, which frees her to use her intellectual po- 
tentialities in a constructive manner. Hayward suggests 
that the little girl who falls prey to penis envy in the 
anal-sadistic stage is the one who develops into the 
revengeful type of woman. This situation is frequently 
encountered when a little girl has been raised with a 
brother who is nearly her own age. The girl who 
develops into the wish fulfilment type of woman becomes 
preoccupied with penis envy after she has reached the 
phallic level. Such a woman has had no brotliers close 

to her own age. . Pearson, Philadelphia. 


Diseases of the Brain 

Electroencephalography in Chronic Post-Trau- 
matic Syndromes. Mollie E. Heppenstall and 
Denis Hill, Lancet 1:261 (Feb. 27) 1943. 

Heppenstall and Hill report 150 cases of post-traumatic 
syndromes studied by means of electroencephalography. 
A three channel Grass ink-writing oscillograph was 
used. The results are tabulated -as follows: 


Abnormal 

Electroencephalograms 

, » , 

Total With 


Num- Abnormal Hyper- 

ber Tracings venti- 

of , * , lation 

Diagnosis Cases No. % Difluse Eocal Only 

Postconcussive syn- 
drome 58 33 57 16 16 1 

PosMraumatic epi- 
lepsy 29 22 76 9 13 0 

Anxiety state 21 10 48 7 1 2 

Depressive state 19 8 42 5 2 1 

Schizophrenic state.. 2 0 .. 0 0 0 

Hysteria 14 3 21 2 0 1 

Psychopathy 7 2 29 2 0 0 


Organic states 87 55 63 25 29 1 

Functional states.... 63 23 37 16 3 4 


The time elapsing since the injury seems to bear no 
relation to the type of electroencephalogram, but the 
age at which the injury occurred is important. When 
the injury occurred before the age of 20 years, 65 per 
cent ,of the tracings were abnormal ; when it occurred 
in a patient over 20 years of age, 46 per cent were 
abriormal. The response to hyperventilation showed 
abnormalities in 39 per cent of cases in the 20 year 
group and in 16 per cent of cases in the group over 20 
years of age. The period of post-traumatic amnesia 
was of some significance. When it was less than one 
hour, 43 per cent of the tracings were abnormal ; when 
it was less than -one day, 52 per cent were abnormal, 
and when it was more than one day, 58 'per cent were 
abnormal. These results are of more significance when 
the abnormalities are divided into diffuse and focal 
changes. Of the focal abnormalities, 13 per cent occurred 
in the first group, 48 per cent in the second group and 
55 per cent in the third group. 

In 18 of the cases of organic disorders the personal 
history was abnormal, as compared with 33 cases of the 
constitutional and reactive states. Of the cases in which 
the personal history was abnormal, abnormal electro- 
encephalograms were present in 37 per cent, and of the 
cases in which the personal history was normal, abnor- 
mal tracings were obtained in 60 per cent. Focal abnormal 
records were present in 33 per cent of the cases in 
which the personal history was abnormal and in 47 per 
cent of the cases in which the personal history was 
normal. Of the cases in which a family history of 
neurosis was obtained, focal abnormalities appeared in 
26 per cent and diffuse abnormalities in 74 per cent, 
and of cases in which the family history was normal, 
focal abnormalities appeared in 54 per cent and diffuse 
abnormalities in 46 per cent. The assessment of ab- 
normal family histories was wide and was based on the 
presence of epilepsy, ps 3 xhosis, severe neurosis, mental 
defect and psychopathic personality. 

The author maintains that abnormal personal and 
family histories are not likely to increase the probability 
of an abnormal electroencephalographic record ; but 
when the electroencephalogram is abnormal, the focal 
changes are more frequent in cases in which the per- 
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sonal history is normal and diffuse changes in cases in 
which the personal history is abnormal. Therefore, 
diffuse abnormalities in the electroencephalogram in a 
case of a post-traumatic state do not necessarily in- 
dicate the presence of cerebral damage. 

Sanders, Philadelphia. 

Peripheral and Cranial Nerves 

Pigmentary Degeneration of Retina and Nerve 

Type of Deafness. W. A. Sirles and H. 

Slaughter, Am. J. Ophth. 26:961 (Sept.) 1943. 

Sirles and Slaughter report 12 cases of retinitis pig- 
mentosa. The patients were examined both subjectively 
and objectively and were considered to have typical 
cases of this disease. A careful otolaryngologic history 
was obtained, and thorough examinations were made, 
including audiometric tests, of all patients. Of the 12 
patients, 6 were deaf, as indicated by the audiograms, 
and showed the typical nerve type of deafness. Only 4 
of these gave a history of impairment of Hearing. Three 
of the 4 patients who gave a history of deafness had 
noticed this symptom from two to twenty-eight years 
before they experienced any ocular symptoms. It is 
suggested that a common defect of the germ plasm is 
present in the anlage of the inner ear and the retina. 

J. A. M. A. 

Nerve Transplantation. N. I. Propper-Grash- 

chenkov. Am. Rev. Soviet Med. 1:28 (Oct.) 1943. 

Propper-Grashchenkov discusses experiments on re- 
placement of defects in peripheral nerves, in particular, 
the Ignatov method of utilizing human nerves taken 
from corpses and treated with solution of formaldehyde. 
Ignatov used corresponding nerves, so that the diame- 
ters of the nerves could be matched. During the Finnish 
war there were 13 cases of transplantation in which the 
defects were so large that direct contact of the severed 
nerves was impossible. In 1 case a defect of the 
sciatic nerve amounted to 12 cm. There were cases of 
defects of the median, radial and ulnar nerves. Repeated 
chronaxia examinations were made, and motor and sen- 
sory functions of the involved extremities were tested 
with electrometric instruments. Observations demon- 
strated that the implanted nerve acted as a dead tissue 
bridge, thereby assuring the regeneration of the nerve 
fibers. Usually, when motor and sensory functions are 
lost, a disturbance takes place in the circulation and 
perspiration of the extremity. It becomes cyanotic, 
clammy and often covered with ulcers. Every case of 
transplantation of the formaldehyde-treated nerve tissue 
showed improvement in each of these dystrophic proc- 
esses. The transplantation of human nerves in large 
peripheral nerve defects accelerates the regeneration 
and reestablishment of the lost motor, sensory and 
trophic functions and prevents the wounded from be- 
coming invalids. j 

Attempts to Isolate Poliomyelitis Virus from 
Urine. J. A. Toomey, L. A. Tischer and W. S. 
Takacs, j. Pediat. 23:172 (Aug.) 1943. 

Toomey and his collaborators tried to demonstrate 
the virus of poliomyelitis in the urine of patients with 
paralysis of the bladder. Their attempt was a failure 
when the monkey was used as the test animal, even 
though such specimens were obtained at an optimal 
time, that is, coincident with the onset of the paralysis. 


Urine obtained post mortem from the bladders of pa- 
tients with poliomyelitis was tested for the presence of 
the virus on eastern cotton rats. These tests also gave 
negative results. JAMA 

Herpes Zoster Ophthalmicus : Two Rare Manifes- 
tations. T. G. W. Parry and G. C. Laszlo, Brit. 

J. Ophth. 27:465 (Oct.) 1943. ' 

Parry and Laszlo direct attention to various ophthal- 
mic conditions caused by herpes zoster. A woman aged 
52 had had an attack of herpes zoster along the ophthal- 
mic branch of the right fifth nerve six weeks previously. 
The cornea was not involved, but there was a cutane- 
ous eruption, with severe pain. Three and a half weeks 
after the eruption the patient suddenly lost sight in her 
right eye. The disorder was diagnosed as acute retro- 
bulbar neuritis. After five weeks the visual acuity of 
the patient had improved. A man aged 33 had had 
J'shingles” on his chest. Three weeks later he felt 
giddy and had double vision. Examination revealed 
paresis of the right abducens nerve. The condition 
gradually cleared up. The few existing statistics on 
the late ophthalmic involvements in cases of herpes 
zoster reveal that they occur in the following order of 
frequency : iridocyclitis (usually a complication of kera- 
titis), optic neuritis and paralysis of the third, fourth 
and sixth cranial nerves. Retrobulbar neuritis has not 
previously been mentioned as a signal of herpes zoster. 

J. A. M. A. 

Localised Neuritis of the Shoulder Girdle. J. D. 

Spillane, Lancet 2:532 (Oct. 30) 1943. 

Spillane describes 46 cases of localized neuritis of the 
shoulder girdle, which he divides into two groups : in 
one, of 26 cases, the disturbance developed' while the 
patients were in the hospital or a convalescent home. All 
these were recovering from an illness (dysentery, malaria, 
gunshot wound, local sepsis, typhoid, infective hepatitis, 
a tuberculous lymph gland of the neck, pharyngitis, 
lobar pneumonia and cerebrospinal meningitis). In the 
other 20 cases the men were ill while on duty in the 
field. In 42 cases the first symptom was sharp pain 
about the shoulder at localized points. The pain was 
usually worse at night. In all but 1 case there was no 
fever. There was no rigidity of the neck or back and 
no diffuse hyperesthesia, and only in the cases in which 
-sthe deltoid was affected were there sensory changes. 
The painful sites were tender, but there were no vaso- 
motor changes. Atrophy was well localized and 
usually pronounced, often led to much disability and 
affected chiefly the spinatus, the deltoid, the serratus 
magnus and the trapezius muscles. The patients were 
treated with analgesics and physical therapy and rest; 
but there was little alteration' in the course of the ill- 
ness, and atrophy and weakness persisted in the affected 
muscles in several patients for seven or eight months. 

The illness was distinguished from poliomyelitis by 
absence of changes in the spinal fluid, by the distribu- 
tion of the paralysis (peripheral rather than segmental) 
and by absence of general signs of infection or of diffuse 
hyperesthesia. The condition was thought not to be 
brachial neuritis or radiculitis because isolated muscles 
were involved. In these disorders fibrillation and altera- 
tion of reflexes are common, and recovery is the rule. 

The cause could not be determined. Patients with a 
history of direct trauma were not included in the series. 
Repeated slight trauma, such as carrying a pack or 
rifle could not be excluded in many cases, but in many 
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other cases the patients were sedentary in their daily 

McCarteRj Philadelphia. 

Costoclavicular Compression of the Subclavian 
Artery and Vein; Relation to the Scalenus 
Anticus Syndrome. M. A. Falconer and G. 
Weddell, Lancet 2:539 ‘(Oct. 30) 1943. 

Falconer and Weddell found the subclavian vessels 
to be compressed by the clavicle and the first rib alone 
in 2 patients, without effect from the scalenus anticus 
muscle, to a sufficient degree to produce paresthesias 
in both patients and weakness and vasomotor changes 
in 1 of them. Pressure by the scalenus anticus muscle 
on a rudimentary cervical rib, as well as costoclavicular 
compression, caused similar trouble in a third patient; 
in another, weakness and wasting alone, with no vas- 
cular signs, were produced by a fibrous band extending 
from a long transverse process of the seventh cervical 
vertebra to a point on the first rib between the course 
of the first thoracic nerve root and the subclavian 
artery. 

As an aid in diagnosis the authors used two test 
maneuvers : hyperextension of the neck and downward 
and backward bracing of the shoulders, the latter being 
found more effective. The role of the scalenus muscle 
was tested by paralyzing it with procaine; later it was 
cut if the condition was severe enough to warrant 
operation. 

Of SO “normal” men and SO “normal” women, several 
showed evidence of the scalenus anticus syndrome when 
the test maneuvers were carried out. The authors 
point out that symptoms arise only when this compres- 
sion can be evoked with ease. In some instances this 
may mean that the patient has cold blue hands, with a 
tendency to chilblains, and others, perhaps actual throm- 
boses or even gangrene. 

Patients with mild symptoms were relieved by pos- 
tural exercises; 1 of the authors’ patients ceased to 
complain after his^ heavy basic training, with pack 
carrying, was over. Severe conditions merit surgical 
exploration. The scalenus anticus muscle may then be 
carefully stimulated to determine its role in the pro- 
duction of symptoms. If this fails to cause symptoms, 
the finger may be slipped between the artery and under- 
lying rib and the clavicle above to see whether bracing 
the shoulders will pinch it. Actual compression of the 
vessels may thus be seen. If this exists, the authors 
recommend resection of a small segment of rib beneath 
the artery to relieve pressure symptoms. 

McCarter, Philadelphia. 

Treatment, Neurosurgery 

SoDiuj.1 Amytal Narcosis in Treatment of Opera- 
tional Fatigue in Combat Aircrews. Donald W. 

Hastings. Bernard C. Glueck and David G. 

Wright, War Med. 5:368 (June) 1944. 

Operational fatigue is a syndrome composed of emo- 
tional illness and fatigue, which occurred in a certain 
percentage of fundamentally stable combat personnel, 
usually after twelve to eighteen heavy bombardment 
missions, which exposed the participants to harrowing 
experiences, tension, fatigue and lack of sleep. 

The patients look pale and fatigued. They are irri- 
table and self accusator 3 ’' about their irritability. They 


have difficulty in going to sleep; and when they do, 
they suffer from vivid and terrifying battle nightmares. 
They are depressed and retarded and suffer from severe 
anxiety, tremors and gastric and cardiovascular symp- 
toms. 

Because depression played a prominent part in the 
symptoms, it was thought that modified sodium amytal 
narcosis might be of benefit, since it was useful in the 
treatment of manic-depressive psychosis. The period 
of the narcosis was arbitrarily limited to ninety-six 
hours, followed by a week of convalescence and then 
return to full duty. 

Follow-up studies two months after narcosis therapy 
were made on 69 patients. Seventy per cent were 
performing adequately on full duty, and 25 per cent, 
on ground duty; 5 per cent still had persistent anxiety 

sj'mptoms. Pearson, Philadelphia. 

Encephalograpliy, V entriculograpliy, 
Roentgenography 

Osteomyelitis of the Frontal Bone. Lester A. 

Brown, Arch. Otolaryng. 39:485 (June) 1944. 

Osteomyelitis of the frontal bone is secondary to acute 
frontal sinusitis in the majority of cases. OnIj>- rarely 
is the condition secondary to chronic frontal sinusitis 
because during the course of the infection the frontal 
bone tends to form its own barrier to the spread of the 
infection. Occasionally, compound fracture of the 
plates of the frontal sinus or of the bone beyond the 
confines of the sinus may lead to osteomyelitis. Another 
possible cause is infection resulting from operation for 
acute sinusitis when the external approach is employed. 
The mo'st common • symptom is headache. This may 
vary in intensity from mild discomfort to excruciating 
pain. Usually the headache is frontal, but occasionally 
it may be occipital. High fever is not common. The 
most suggestive finding on examination is a doughy 
subperiosteal swelling on one or on both sides of the fore- 
head, extending from the brow toward the hair line. 
The height of the swelling is usually proportional to the 
osseous involvement. There is tenderness over the in- 
volved sinus and sometimes over the entire forehead. 
Roentgenographic examination reveals decalcification in 
the involved area. 

Brown reports a series of 10 cases of osteomyelitis 
of the frontal bone, proved at operation, in which most 
of the usual complications of the disease occurred. 
These included, in their order of frequency: epidural 
abscess, cerebral abscess, meningitis, subdural abscess 
and subperiosteal abscess. Subdural abscess occurred in 
2 cases and was rapidly fatal in both, death apparentl}' 
being due to medullary compression resulting from 
rapidly rising intracranial pressure. In all the other 
cases recovery occurred. 

Once the diagnosis of osteomyelitis has been made, 
treatment’ resolves itself into (1) the attempt to remove 
the area of infected bone with an area of good bone 
around it, (2) the attempt to prevent the spread of the 
osteomyelitis to the supposedly uninfected bone and (3) 
the treatment of complications. 

Ry.an, Medical Corps, 
Army of the United States. 
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Biochemical and ElectroencephaJographic Changes 

Associated with Delirium Tremens. Dr. Mar- 
garet A. Kennard, Dr. Ernst Bueding and Dr. 

S. Bernard Wortis. 

In a preliminary study certain of the changes under- 
lying the symptoms of delirium tremens were investi- 
gated. This was done by means of biochemical analysis 
and electroencephalographic studies of a series of 49 
alcoholic patients, 40 of whom had .symptoms charac- 
teristic of acute delirium tremens. The remaining 9 
patients, without delirium tremens, were used as con- 
trols. 

Biochemical Investigations . — Zuckerkandl (Ueber das 
Verhaltnis der Natrium- zur Chlorausscheidung im 
Harn: Der Natrium-Chlor-Quotient, Klin. Wchnschr. 
14:567, 1935) demonstrated that normal human subjects 
excrete equivalent amounts of sodium and chloride in 
the urine. The ratio of chloride, to sodium in terms 
of equivalent weights of these two ions varied from 
0.9 to 1.15; in other words, norinally the same amounts 
of sodium and chloride are excreted. In pathologic 
conditions associated with inflammation of the serous 
membranes, such as pleurisy, ascites or polyarthritis, 
Siedek and Zuckerkandl (Ueber das Verhaltnis der 
Natrium-zur Chlorausscheidung im Harn : Der NaCl- 
Quotient der entzundlichen und kardialen Erkrankung- 
en, Klin. Wchnschr. 14:1137, 1935) reported that there 
was retention of sodium and that, as a consequence, 
much less sodium than chloride was excreted in the 
urine. 

Since delirium tremens is associated with a consid- 
erable loss of water and salt, the excretion of sodium 
and chloride in the urine ^yas investigated. Of 19 
patients studied so far, 11 showed a chloride-sodium 
ratio outside the control range of 0.8 -to 1.2 on admis- 
sion. Seven of these 11 patients excreted less chloride 
than its equivalent of sodium, and for 4 patients the 
reverse \yas true. For the 7 patients with low chloride 
excretion on admission the chloride-sodium ratio re- 
turned to normal in one to four days. 

The abnormalities in this ratio were often more pro- 
nounced for the urine excreted during the four hours 
after 1.5 liters of water had been given the patient. 
The return to normal of the chloride-sodium ratio was 
not preceded by a reversal of this ratio ; in other words, 
there was not an excess of chloride over sodium. This 
indicates that no retention of chloride or excessive 
excretion of sodium had existed at the time of admis- 
sion of these patients. It is more likely that an exces- 
sive loss of chloride occurred at this time. 

Electroencephalographic Study. — Twenty-three pa- 
tients with delirium tremens showed a pronounced 


tendency in all records to wave forms of low amplitude 
and fast, 20 per second activity. There was in all 
records a relatively low percentage of 8 to 12 per 
second activity. The patients who showed least of thi' 
alpha activity, of medium rate and low amplitude, were 
persons whose history and occupation indicated deterio- 
ration, although their symptoms in the acute attack 
were no more severe than the symptoms of patients 
with more nearly normal patterns of cerebral activity. 

It was also found that the patients who had the 
highest percentage of alpha activity on admission were 
those who recovered most rapidly. For all patients 
with clinical recovery there was an increase in the 
percentage of alpha activity in the record. But this 
increase was less pronounced in the records of the 
“deteriorated” patients which showed originally the 
greatest deviation from the normal pattern. 

Phlebothrombosis and Phlebostasis of the Brain 
in the Newborn and in Early Childhood. Dr. 
Otto Marburg and Dr. Louis Casamajor. 

This paper was published in full in a previous issue 
of the Archives (52:170 [Sept.] 1944). 

DISCUSSION 

Dr. Tracy J. Putnam : Dr. Marburg deserves to be 
.commended for avoiding the error which is all too com- 
mon in neuropathology of leaping abruptly from the 
clinical picture or the gross pathologic changes to tlie 
ultimate etiologic factors. It is seldom one can make 
this leap. One must usually move step by step from 
what is observed at autopsy to the point where the 
chain of evidence begins for practical purposes. It is 
gratifying that Dr. Marburg has analyzed these lesions 
in terms of damage to or disturbance of the venous 
drainage, for another shortcoming of classic neurology 
is its neglect of the venous system. The pathologist 
studying Weigert preparations is apt to regard the 
vascular system as being merely ancillary to the nerve 
structures, when actually it is the other way around 
— the nerve structures are entirely dependent on their 
circulation. Moreover, while the term “vascular injury” 
is extremely common in neuropathology, and the gen- 
eral outlines of the results of disturbances in the vas- 
cular supply have been familiar since the days of 
Wepfer, vascular injury practically always means arte- 
rial thrombosis. This was well shown by Hassin, for 
example, in his discussion on the possible vascular 
origin of the lesions of multiple sclerosis. He said 
such lesions had nothing to do with the disposition of 
the arteries of the nervous system and dismissed the 
whole matter, as others have done. 

The lesions which Dr. Marburg presented have been 
well described before. It has not been clearly recog- 
nized that such lesions, and others of this type, are 
within reasonable limits to be interpreted as the result 
of disturbance in the venous circulation. It is not 
difficult to see how this error came about. First, the 
classic neuropathologic stains successfully concealed the 
vascular system. That is what they were for. They 
were intended to stain the nerve elements, and usually 
not the mesodermal elements, and they were apt to 
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conceal the content of the- blood vessels. Second, the 
damage takes place rapidly, without any question. 
Once a thrombus or any other type of obstruction 
forms in a vein the damage to the parenchyma takes 
place in a few hours. It is there to stay; the actual 
nerve elements never regenerate, and the subsequent 
events consist in the formation of a scar. By the time 
the scar is well formed the thrombi may have disap- 
•peared entirely; so it is fortunate that Professor Mar- 
burg encountered the telltale thrombi in the proper 
place in some of the lesions. I take it that some of 
the lesions he studied had already passed the stage at 
which thrombi could be seen. In any city under bom- 
bardment there are always more burns and ruins than 
there are fires in progress, but one usually concludes 
from the ruin that there has been a fire; so with 
these lesions, one must study a series before concluding 
that the scar must have resulted from this type of 
injury, and not from any other. From the injury, one 
can then pass to the next step in the progress of the 
formation of the lesion. As to whether or not • the 
injury is always trauma in cases of this kind I am 
not wholly convinced. I believe I have seen a case 
much like Dr. Casamajor’s second case in which the 
lesion was already in the scarred stage within a week 
after birth. The acute process must therefore have 
occurred before birth. This may have been one of the 
cases which Professor Marburg mentioned in which 
the lesions occurred as the result of injury during 
fetal life. I think this study represents an important 
addition to the series of pathologic pictures which 
begins with the birth injuries and passes through diffuse 
sclerosis and so into multiple sclerosis and the encephali- 
tides ; all these processes may or may not be due to the 
so-called inflammatory phenomena, which are seen about 
as often in cases in which the origin was obviously 
traumatic as in cases in which infection may conceivably 
have played a part. . 

Professor Marburg has performed a great service 
in again -calling to attention the extraordinary prev- 
alence of birth injuries, a subject the gravity of which 
is well recognized by obstetricians, neurologists and 
psychiatrists. The unfortunate victims are usually swept 
out of the broader currents of daily life and collect in 
the backwaters of institutions, and so are less often 
seen. It is important, however, to remind oneself of 
their existence and to keep struggling with the problem 
of how such cases may be prevented. It is clear that 
such conditions as have been presented tonight can 
scarcely be cured and that surgical intervention would 
not in the least be helpful to any patient of this group. 
Whether chemical or biologic means may be found to 
prevent such lesions is an important study for the future. 

I wish to compliment the authors for pointing out the 
cardinal features of this syndrome and its human and 
economic importance. 

Du. Joseph H. Globus; I am glad Dr. Marburg re- 
opened the question of porencephaly. Indeed, he did 
not use the term “porencephaly," but the designation 
can well be used to describe the pathologic picture in 
the cases presented tonight. The brain showed numerous 
extremely large cavities, in accordance with the classi- 
fication of porencephaly. 

I hoped that Dr. Marburg Avould recall a case which 
I presented about twenty-two years ago in which the 
dissolution of brain tissue which led to the cavity for- 
mation was due to interference with the blood supply. 
At that time it was my opinion tliat the interference 
with the blood supply was the result of strangulation of 
the blood vessels by thickened meninges in the region 


of their penetration into the cerebral cortex. I was 
able to demonstrate the presence of actual scar tissue 
at this point. The vessels in their course were collapsed 
and empty. In this way, I thought, I have shown that 
the dissolution of brain tissue is the result of interfer- 
ence with the blood supply, and this, in turn, is the 
result of strangulation of blood vessels. 

Dr. Marburg has given important support to my con- 
cept by demonstrating that the interference with the 
venous supply was responsible for the pathologic process 
in his cases. 

Dr. Otto Marburg: In reply to Dr. Globus’ com- 
ment on porencephaly, we did not use this term in our 
case because porencephaly means the presence of cavities 
in the brain substance communicating with the lateral 
ventricles. There must be an open connection -between 
the cavities and the ventricles. 

Dr. Louis Casamajor; I am afraid Dr. Putnam 
misunderstood what I said. The second patient did not 
show the condition immediately after birth. The child 
was apparently normal at birth, and the obstetrician 
told the parents that the baby was normal; he seemed 
normal, except that they were unable to find any satis- 
factory formula. Nothing abnormal was noted until 
two and a half months after birth, when the left foot 
became spastic. The opisthotonos did not appear until 
four or five months after birth, and from then on the 
retraction- of the head increased until it reached the 
position seen in the illustrations. I had difficulty in 
thinking of this condition as congenital, and until Dr. 
Marburg went over the sections and offered me this 
theory of phlebothrombosis, I was at a loss to under- 
stand why the condition was progressive. The child was 
1 year old before I saw him. I knew nothing about the 
case before that except for the history, which was that 
of a progressive condition. 

Dr. H. a. Riley: Is it Dr.‘ Casamajor’s belief that 
this child had a normal brain when it was born and 
that the situation seen at autopsy developed after birth? 

Dr. Louis Casamajor: I do not know. The child 
was said to be normal ; I believe that when he was born 
he did not have the kind of a brain he had when he 
died. The brain may not have been normal at birth, 
but I believe it was not as degenerated as it was at 
death. If it had been, I cannot see why the child was 
4 or 5 months old before retraction of his head became 
apparent, after which the opisthotonos progressed until 
the vertebral column was a hoop. I believe this was a 
progressive condition, and not congenital at all. 

Prognostic Significance o£ Certain Factors in 
Schizophrenia. Dr. Nolan D. C. Lewis. 

The modern psy,choIogy of schizophrenia has been 
constructed on the basis of concepts of Kraepelin, 
Bleuler, Freud, Jung and their immediate derivatives 
or schools of thought. Kraepelin’s work is well known, 
as is that of Bleuler, who approached the problem from 
the standpoint of an organically determined change in 
the associations. His main contribution lies in the 
painstaking evidence he compiled on the psychologic 
determination of the majority of schizophrenic manifes- 
tations. Jung, studying the problems from his psy- 
chologic point of view, concluded that the psychic 
symptoms were not dependent primarily oh disturbances 
in association. For example, he interpreted schizo- 
phrenic negativism as an attitude of rejection, and not 
as a consequence of interruption in associative processes. 
Freud’s theory of schizophrenia rests basically on the 
concept of regression from object relations to the slate 
designated as “narcissism.” 
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A better understanding of schizophrenic psychology 
may be revealed by more complete studies of patients 
treated with insulin or convulsive shock methods. There 
is no known pathogenesis of schizophrenia as an entity. 
Therefore one must consider each subtype separately, 
an approach which is reenforced by Birnbaum’s struc- 
ture anabases, Kretschmer’s multidimensional diagnos- 
tics, Bleuler’s Tiefenpsychologie and other systems of 
analysis. 

There are many blunders in the diagnosis of the 
schizophrenias, and a better understanding may be 
effected by carefully organized studies of the outcome. 

The pathogenesis and diagnosis of schizophrenia are 
actively disputed factors, a fact which renders prognosis 
difficult. 

The great diversity in the symptoms, as seen and 
described in psj'chiatric clinics and assembled under 
the diagnosis of schizophrenia, is difficult to explain 
unless a large number of contributing factors and com- 
binations is assumed. 

There is evidence of a central type of schizophrenia, 
with other, marginal, forms, which may be termed 
“symptomatic” schizophrenia, and certain acute ex- 
ogenously determined psychoses. However, one must 
have proof of the relation of exogenous injury, infec- 
tions, prepsychotic personality traits and hereditary com- 
ponents before utilizing etiologic factors as a basis for 
prognosis. Clinically it is advantageous to- separate 
atypical schizophrenic conditions from the main forms 
and give them an identifying description. 

Although it is not the purpose of this paper to discuss 
shock therapy in any detail, in the present era, which 
might be designated as one of shock methods, its re- 
lation to prognosis should be one of the first considera- 
tions. The discordance in the opinions of recognized 
experts in the field, based chiefly on inadequate, or at 
least dissimilar, research procedures, has left me, and 
probably others, without any answer to the following 
questions: Does shock therapy cure patients otherwise 
incurable, or only shorten the duration of a schizophrenic 
illness bearing a favorable prognosis? Is shock therapy 
tlie deciding factor in the recovery of patients for 
whom the prognosis is doubtful? How lasting are the 
results? Are they more or less permanent than spon- 
taneous or psychotherapeutic recovery? Does shock 
therapy harm the patient? All patients? Or only cer- 
tain types of patients? 

Kretschmer emphasized that the weak leptosome, with 
asthenic body build, is highly predisposed to the schizo- 
phrenic process and that the pyknic body form is in 
some way antagonistic to this type of mental disorder, 
klanz found that catatonic features are more frequent 
in persons of athletic build and that they tend to favor- 
able remissions. Hebephrenic forms are more frequent 
in persons of dysplastic habitus. Here there is a ten- 
dency to primitive reactions and naive spontaneous 
expressions of emotion as dominant features in the pre- 
psychotic character, with exaggerations of these features 
in the full blown psychosis. For the majority of persons 
of this type the prognosis is poor, as it is for persons 
of anotlier special group, with asthenic body build. 
These patients are highly educated, prepsychotically in- 
troverted, hyperesthetic persons — teachers, students of 
religions and of philosophy, often with interests in re- 
form, who progress rather rapidly to deterioration. 

Schizophreniform or atypical schizophrenic attacks in 
imbeciles are recoverable. There is a question whether 
such persons are really schizophrenic. When a “nuclear” 
schizophrenia appears in a feebleminded person, early 
deterioration may be expected. However, in many per- 
sons of a low order of intelligence there develop schizo- 


phreniform reactions which have a good prognosis, and, 
as mentioned before, these reactions probably belong in 
a separate pattern category. 

While isolation of symptoms from a pattern for 
special consideration is always controversial, certain 
combinations are of prognostic importance in this respect. 

Kraepelin, Stransky, Meyer and many, more recent, 
investigators have observed that the acute occurrence of 
catatonic forms carries a favorable prognosis, but 
Bleuler found that schizophrenias in which the catatonic 
features appeared gradually had an unfavorable prog- 
nosis. Kraepelin pointed out that the condition of deep 
stupor and. of severe catatonic excitement had a favor- 
able outcome ; however, semistuporous states with 
continued stereotypy in the quiet periods have a bad sig- 
nificance. It is the experience of most psychiatrists 
that the majority of patients who have passed through 
a severe catatonic psychosis will carry the marks of it 
through life, even though they are independent and 
socially adjusted. 

Some paranoid ideas can be regarded as temporary 
compensatory symptoms, and therefore not “nuclear.” 
Ideas of persecution and poisoning in a moderate degree 
have little unfavorable significance. In fact, some self- 
reference tendencies and vague symptoms of splitting 
tend toward a cure, or a cure with a remaining defect. 
However, it is realized that massive paranoid develop- 
ments are fixed and resistant to therapy. 

It is important to know, for diagnostic and prog- 
nostic reasons, as much as possible about the following 
features of a given case; 

1. The influence of prepsychotic factors 

(a) Heredity 

(b) Morphologic type 

(c) Prepsychotic character 

(d) Social factors 

(<?) Intellectual foundations 

(/) Prepsychotic physical and mental traumas 

2. Initial stage of psychosis 

(a) Age of onset 

(b) Onset, insidious or sudden 

(c) Exogenous precipitating factors 

3. Symptoms of acute stage of psychosis 

(a) Abundance or poverty 

(b) Type of symptom pattern 

4. Course of the disorder 

(a) Steadily or gradually progressive from the 

beginning 

(b) Form of “attack” — tendency to remission 

(c) Catastrophic development 

5. Physical disease components. 

Studies following these lines of investigation have 
shown that certain combinations of factors in an essen- 
tially schizophrenic psychosis favor a good prognosis, 
while others indicate a poor prognosis, regardless of 
the type of general or special treatment afforded. Some 
combinations with a favorable prognosis are: pyknic 
habitus and cycloid temperament plus a presenting 
affect in the psychosis (particularly a depression) ; 
pyknic habitus plus cycloid temperament plus active’ 
exogenous precipitating factors, and athletic habitus plus 
schizoid temperament plus exogenous precipitating fac- 
tors and amnesia for the acute phase. 

Asthenic habitus plus schizoid temperament carries 
an unfavorable prognosis, asthenic habitus plus cycloid 
temperament means usually an unfavorable prognosis. 
The prognosis for children with schizophrenic-like per- 
sonality and poor abilities is usually poor, as it is as a 
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rule for “clever” children with a schizoid temperament. 
Special abilities do not seem to help much. 

There is evidence that persons with atypical forms of 
schizophrenia, or pseudoschizophrenic types, as they 
have been called, form a large percentage of the patients 
in various clinics and outpatient departments whose 
disease is diagnosed as schizophrenia or dementia pre- 
cox. It is possible, if not probable, that herein lies 
the cause .of the differences in reported therapeutic re- 
sults, which are far more favorable for the pseudo- 
schizophrenic than for the “nuclear,” or genuine, form. 

When the diagnosis is simply “schizophrenia,” or 
dementia precox, a statement that 50 to 60 per cent 
of patients were cured or improved gives inadequate 
information concerning the relation of cure to therapy. 
Psychiatrists are in a clinical position to demand com- 
plete and accurate information as to the form of schizo- 
phrenia present. Only careful studies and precise 
staterhents will justify interhospital cooperation in a 
solution of the problems of schizophrenia. 

DISCUSSION 

Dr. Jamies H. Wall, White Plains, N. Y. Dr. Lewis 
has brought together some interesting points for con- 
sideration. In my experience, a significant factor in 
a good prognosis for a schizophrenic illness is a ma- 
ture and evenly balanced personality. Often this is 
associated with more vigorous physical health. The 
more adequate the precipitating causes, the better the 
outlook. The preservation of the emotional attitude, of 
fighting off and not accepting the illness, no matter how 
deep the regression, is a good sign. The attitude of 
the relatives of schizophrenic persons plays an impor- 
tant role. Many of the patients who recover and 
improve to a notable degree are surrounded by mature, 
flexible and tolerant personalities in their families. So 
frequently the chance of restoration is interfered with 
by relatives who are inflexible and unteachable, and in 
their emotional thinking know more than trained psy- 
chiatric workers about what is best for the patient 
before, during and after the acute phase of the illness. 

Dr. Paul Federn : I have only a few words to say 
about the impressive paper by Dr. Lewis, whose all- 
embracing experience covers the most varied cases. He 
was careful to follow up all the many factors of im- 
portance with cautious statistics. He demonstrated that 
there are a few conditions which allow one to expect 
a better than average course of the disease. Yet in the 
main a combination of factors is necessary to justify a 
good or a bad prognosis; a few specific combinations 
condition even an optimistic prognosis. I do not dis- 
agree with any statement of Dr. Lewis. 

However, the psychiatric specialist, and even the head 
of a clinic, see cases of more advanced disease; rarely 
do his observation and his therapy begin early enough 
to influence the course of the illness from the beginning. 
For this reason, the prognosis with regard to psycho- 
therapy, and especially psychoanalytic therapy, becomes 
different when based on experiences of the family phy- 
sician or the practical psychoanalyst. One usually sees 
patients with early psychosis because of an error of 
diagnosis, but one can observe complicating factors 
from the beginning. By recognizing schizophrenia in 
the state of preliminary neurosis or when the first false 
conception of reality appears, one can treat and protect 
the patient in an earlj’- phase. I am convinced that such 
early diagnosis and treatment will influence the course 
and the prognosis. 

One might learn to make the diagnosis even before 
false reality of thoughts and mixing of reality and un- 


reality are established. Yet the patient is already aware 
of difficulty in maintaining the differentiation of thought 
and reality; the conception of reality temporarily ceases 
to be automatic; temporary and partial estrangement is 
felt. Sometimes the patient can overcome these dis- 
turbances by active attention; usually there is abnormal 
fatigue as the consequence of such attentiveness. I do 
not know what percentage of cases begins in this way. 
Also, I could not say that neurotic and prepsychotic 
estrangement are symptomatically different. Yet I 
have had patients remain in the stage of estrangement 
for twelve years. 

The early phase of schizophrenia can be compared 
with the early beginning of tuberculosis in childhood. 
Since the protection and treatment of patients with 
early disease, the statistical aspect of tuberculosis has 
changed. Learning difficulties and behavior changes 
may be the first disturbance in schizophrenia; if one 
learns to recognize such first symptoms, the prognosis 
will improve. Meanwhile Dr. Lewis is to be thanked 
for having directed attention again to the multiple con- 
ditions of the developed process. 

Dr. John G. Lynn'; It is gratifying to have Dr. 
Lewis present in such a clear manner this outline of 
factors which seem to operate in the prognosis of 
schizophrenia. "With reservations incidental to my 
own, more limited, psychiatric experience, I should like 
to mention a factor which, in my opinion, is of impor- 
tance as an indicator of the prognosis and which I do 
not believe has been noted. 

At McLean Hospital, Waverley, Mass., I noted that 
the schizophrenic patients who had had strongly devel- 
oped visual orientation since early childhood, who mani- 
fested interest in manual and concrete activities in asso- 
ciation with a lack of interest in verbal and auditory 
activities, seemed to have a better prognosis for re- 
covery. Many of them were mechanically inclined, or 
they liked to draw or paint. In contrast, the schizo- 
phrenic patients who gave a history from early childhood 
of having a more auditory-verbal orientation, to the 
detriment of their visual and concrete interest, carried 
a poor prognosis and showed more rapid deterioration. 
The latter patients usually gave a history of being 
superior in languages and of having had musical in- 
terests, in preference to painting, drawing, sculpture 
or mechanical activities. Because of their predominant 
auditory-verbal orientation, it seemed easier for them 
to split off their abstract verbal levels from their con- 
crete visual levels of thinking. As a consequence, any 
discrepancies between the content of their abstract verbal 
level and the content of concrete visual level of percep- 
tion was not so noticeable or disturbing to them. In 
fact, their abstract verbal level seemed to operate, in 
an omnipotent way, almost entirely as an agent of wish- 
ful thinking, relatively free from the normal necessity 
of contemporaneously maintaining some degree of struc- 
tural or factual correspondence with concrete visual 
reality. 

Did Dr. Lewis observe that a more concrete visual 
orientation was a good prognostic sign, and a more 
auditory-verbal orientation a poor prognostic sign, in 
schizophrenia ? 

Dr. Nolan D. C. Lewis : kly paper is composed 
chiefly of conclusions. It should follow the evidence 
which led to these conclusions. The material on which 
my studies were based consists of more than 1,000 cases, 
and tlie impressions presented here were based on a 
series of 600 cases. The material when published in 
full will contain this evidence. 
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Dr. Lynn stated in language that one can understand 
his- impressions of the prognosis for patients with a 
strongly developed visual orientation. It has always 
seemed that such persons have a greater diversity of 
interests than those who are interested in, and who 
think characteristically in terms of, abstract processes. 
It is recognized that the presence of visual hallucinations 
in a case of schizophrenia is usually a favorable prog- 
nostic sign. It often indicates an active toxic element 
in the situation, while the common auditory hallucina- 
tions are more malignant and more characteristic of the 
nuclear, or central, type of schizophrenia. Many of the 
persons who break 'down are those who spend a great 
deal of their time in a more circumscribed environment, 
in a self-imposed isolation, where they build up a world 
of their own, and if they avoid a full blown schizo-- 
phrenia and get started along lines of creative thinking, 
they may become efficient librarians or college pro- 
fessors. Certain of the expressions or symptoms of 
schizophrenia act as a healing process to save the patient 
from regressing too far or becoming completely disso- 
ciated, and thus are constructive forces. Many patients 
struggle to hang on to reality as long as they can 
before slipping into a deep psychosis. Symptoms may 
represent healing tendencies, and if one knew in the 
early stages how to time the therapy just right, or 
which symptoms to support as aids to healing, one might 
help greatly in the correction of the disorder. As in 
other pathologic processes', when some of the somatic 
pathology is an attempt of the tissue to repair damage, 
one should attempt to promote any action which pre- 
serves the healing tendency. 


PHILADELPHIA NEUROLOGICAL 
SOCIETY 

George D. Gammon, M.D., Presiding 

Regular Meeting, March 24, 1944 

Intelligence Following Prefrontal Lobotomy in 
Obsessive Tension States. Dr. James W. Watts 
and Dr. Walter Freeman. 

In 1938 we reported on the results of interruption of 
the frontal association pathways in 6 patients with ob- 
sessive tension states. We have continued our studies 
on these and similar patients, and now we can amplify 
our conclusions, based on 45 patients studied from one 
to seven years after operation. 

Prefrontal lobotomy relieves nervous tension and 
obsessive thinking. After operation the patient may still 
cling to the idea that he has tuberculosis or syphilis or 
that his eustachian tube is stopped up. A woman may 
look in the mirror and- see just as much hair on her 
face and arms as before operation, when she thought 
that suicide was the only solution. But if the idea no 
longer is accompanied by a heavy emotional charge, 
it loses its importance and no longer dominates the 
patient’s life. 

In the 45 patients under discussion, it was the emo- 
tional charge, therefore, that caused the disability, rather 
than the peculiar ideas themselves. Furthermore, there 
was no significant deterioration, either intellectual or 
emotional. Although the average duration of symptoms 
of tlicse patients was slightly more than ten years, only 
5 had been confined to hospitals for mental disease. 

If brain-damaging therapeutics is to be employed for 
patients without mental deterioration, it is important 
to know how the intelligence is affected by the pro- 
cedure. If relief of mental pain is secured only by 


sacrifice of the intelligence and understanding, the price 
is too great. 

According to the “Encyclopedia Britannica,” “Intelli- 
gence of understanding is a term that is still used by 
psychologists with considerable latitude of meaning. 
Sometimes it is used as a synonym of ‘cognition,’ that 
is to say, it is applied to any of the numerous processes 
by which knowledge is built up. Sometimes it is 
restricted to the conceptual process, as distinct from 
the process of sense perception. Some [psychologists] 
frankly admit that they do not know and do not care 
what this ‘intelligence’ may be which they are measur- 
ing, so long as these measurements can be made use of. 
Lastly, ordinary everyday usage perhaps tends to em- 
phasize the practical character of intelligence as consist- 
ing in the ability to employ the right means in order 
to achieve the various ends pursued.’’ 

In this paper, we are concerned with the practical 
character of intelligence, and if our yardstick of Intelli- 
gence is “the ability to employ the right means to 
achieve the ends pursued,’’ then it would appear that 
our patients are more intelligent after lobotomy than 
before. Before operation, only 17 per cent \Vere leading 
useful lives; 1'3 per cent were employed; 2 per cent 
were employed part time and 2 per cent were house- 
keeping. At present, 67 per cent are leading useful 
lives; 38 per cent are employed; 11 per cent are em- 
ployed part time, and 18 per cent are housekeeping. 
The statement does not imply that the patients are 
restored entirely to normal, for many show personality 
changes indicative of frontal lobe deficit, but 67 per cent 
are now employing their ability in a manner to achieve 
the ends pursued, as compared with 17 per cent prior 
to operation. 

Persons with obsessive tension states have energy and 
ambition; they are meticulous, economical and punctual. 
While they may not always be agreeable, they are good 
workers and often find that their old positions have 
been held open for them if they have not been away 
too long. On returning to work, they are usually slow 
for a while, but accurate, and perform their duties to 
the satisfaction of the employer. Most of the patients 
seek work in the same type of employment in which 
they had been engaged before lobotomy. A few may 
change occupations, like a clerk in the Treasury Depart- 
ment, who had never liked anything about his. job except 
getting his pay check twice a month. Radio had always 
been his hobby, and after operation, still finding work 
in the Treasury Department obnoxious, he resigned and 
became a radio operator. At present he is teaching the 
mathematics of radio in the Signal Corps. 

Patients in this group come seeking lobotomy, in con- 
trast to patients with involutional depressions, who are 
virtually dragged in by their relatives. They believe 
that if they can be freed of nervous tension they can 
apply themselves to their tasks and reach their goals. 
Prefrontal lobotomy relieves nervous tension and often 
aids the patient in achieving the end he pursues. For 
persons who have set their goal too high, lobotomy 
brings it closer, but does so by making them more 
easily satisfied with their accomplishments. It makes 
them willing to do work commensurate with their 
abilities. 

DISCUSSION 

Lieut. Paul J. Schrader : I agree with Dr. Watts 
and Dr. Freeman in their observations on the intelli- 
gence after lobotomy. My colleagues and I have now 
checked the intelligence of about three fourths of all 
the patients on whom we have operated, and, so far 
as I know, intelligence is not significantly disturbed. 
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We have no preoperative standard. These patients do 
surprisingly well after operation, even the schizophrenic 
group. There were 208 patients, of whom about 88 
per cent were schizophrenic with institutional practice. 
I continue to be astounded by the letters I get from 
relatives, who say, “Well, John is working now. John 
is doing well.” Well, I know that John had been in 
the state hospital for several years. What is intelli- 
gence? If it is the functional capacity, then on the 
whole prefrontal lobotomy does not disturb it. How- 
ever, the worst, I should say the most unfortunate, 
results were in the obsessive group with tensions. 

A professor of a midwestern university had a con- 
ceit which he was able to hide front his, family; 
after operation he had complete loss of social sense, 
and we had to commit him to an institution. In our 
entire series of patients his was the only unfavorable 
result. Yet his intelligence was undiminished. His 
social sense was, I should say, lost. The operation 
had not aided him, but the results with the obsessive 
tension states were impressive. I believe that the pro- 
cedure is about as specific a treatment as can be given 
for these obsessive tension states. 

I am entirely in accord' with Dr. Freeman and Dr. 
Watts in their statement that, judging by all means 
now available, intelligence^ itself is not diminished by 
prefrontal lobotomy. 

Dr. Herbert Freed; The authors spoke of a pa- 
tient who had psychoanalysis and reported their experi- 
ence with other patients. How many Of them try 
intensive psychotherapy after operation, and how do 
they take it? Do they seem to gain insight into their 
obsession with intensive psychotherapy ? Do the authors 
use it? Do they advocate its use after the lobotomy? 

Dr. Walter Freeman; In answer to Dr. Freed’s 
question, I know of only 1 patient who had psycho- 
analysis after operation. Five had a rather formal 
psychoanalysis before operation, the periods ranging 
from eight months up. One man had fifteen months 
of psychoanalysis before operation, without any sig- 
nificant progress. A young woman had had psycho- 
analysis before lobotomy, without any progress at all. 

The reaction of the patients to postoperative psycho- 
therapy is not good because they are so free or so 
devoid of all introversial feelings and of all interest 
in themselves. It is practically impossible to get them 
to pay attention to their various mechanisms. Lobot- 
omy makes introspection especially difficult. These 
patients would rather talk about the weather, what 
they are going to do or where they are going to go. 
Their attention is devoted to outward manifestations, 
and they seem not to like to discuss their symptoms 
any more. 

Dr. Francis C. Grant; I have had no experience 
with lobotomy in treatment of the obsessive and rumina- 
tive states. The largest number of patients on whom 
I have operated had a manic-depressive psychosis. 
For these patients lobotomy was effective, although, 
seemingly, as much now can be accomplished by 
electric shock therapy. Recently I have had the 
opportunity of operating on a number of schizophrenic 
patients. The results have varied directly with the 
mentality of the patient prior to operation. If the pa- 
tient was violent and mentally dilapidated before opera- 
tion, his violent attacks will in great measure disappear 
after operation, and tlie amount of useful intelligence 
he has may seemingly increase. But he will never 
have a normal intelligence. Unquestionablj’’, in my 
experience, lobotomy blunts the intelligence. After 


operation the patient may seem more active mentally, 
but that is because lobotomy enables him to make 
better use of what he has left. 

Dr. Rudolph Jaeger: I wonder if there is any 
reason for arguing whether or not the intelligence of 
these persons is increased by lobotomy. It is a matter 
of whether or not the intelligence that they have can 
be made to work. For example, one youngster with 
catatonic dementia precox on whom I had operated 
had been in hospitals for psychopathic patients for many 
years. He was absolutely useless and had to have 
constant nursing attention. Since the operation he has 
been able to work in a pawnshop and has carried on 
now for three years, doing first-class work. Now 
one might say this patient had more potential intelli- 
gence before he was operated on and that the lobotomy 
may have reduced this intelligence, if there were accu- 
rate methods of measuring his brain capacity, but cer- 
tainly he was not using his intelligence for any practical 
purpose. No matter how intelligent a person, if that 
intelligence is not properly used it is of no practical 
value. This is certainly true of most of the patients 
with obsessive tension. I have had only a small num- 
ber of patients, perhaps not enough even to comment 
on the results. 

I have had only 10 patients with mental disease on 
whom operation was performed prior to a year agef. 
The oldest patient, operated on more than three years 
ago, had an obsessive tension state. She was forced on 
me by my friend, Dr. Walter Freeman, and her family. 
Her condition has greatly improved, and she has gone 
back to her home and is able to carry on her household 
duties as a capable wife. Before the operation she was 
a total loss to her family. She may have been ever 
so intelligent, but certainly she was not using her in- 
telligence to any degVee of efficiency. 

Of my 10 patients on whom prefrontal lobotomy was 
done, 6 had obsessive tension states. One of these 6 died 
of senile complications three months after the opera- 
tive procedure. One of them showed no improvement. 
Four could be called almost completely cured. All of 
them had had shock therapy and prolonged treatment 
in hospitals for psychopathic patients. The 4 cured pa- 
tients were among the first I had, and their improve- 
ment was remarkable. There were 4 patients with 
schizophrenia in my series. Three of them were greatly 
benefited, and 1 failed to improve, I have a great deal 
of enthusiasm for prefrontal lobotomy in selected cases 
of mental disease. The improvement* following opera- 
tion is a thing one cannot overlook when one compares 
the condition before and after the procedure. 

Dr. James W. Watts; Among the numerous defini- 
tions of intelligence, we have chosen as a yardstick “the 
ability to employ the right means in order to achieve 
the various ends pursued,” and we have emphasized its 
practical character. If one uses a different definition of 
intelligence, then one might arrive at a different con- 
clusion. 

In answer to Dr. Grant’s question, I believe it is 
more difficult to arrive at a conclusion about intelligence 
in schizophrenic patients, as there is a tendency for 
many of them to deteriorate. If they do deteriorate, it 
is difficult to say whether deterioration is due to the 
disease or to the operation. Patients with obsessive 
tension states are better material for study of this prob- 
lem; our patients rarely showed evidence of deteriora- 
tion, even though the average duration of symptoms was 
ten years. 
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ElectroencephalograpKic and Pneumoencephalo- 
graphic Studies o£ Multiple Sclerosis. Dr. 
Walter Freeman and Dr. Robert Cohn, Washing- 
ton, D. C. 

Fifteen cases of multiple sclerosis have been studied 
b}' pneumoencephalography and 6 cases by electro- 
encephalography, 4 of the IS cases being studied by a 
combination of the two methods. The pneumoencephalo- 
graphic findings consist of asymmetric dilatation of the 
ventricles and irregular stellate shadows and large 
striations over the surface of the brain, occasionally 
symmetrically located. A characteristic position is the 
medial aspect of the hemisphere. Increased air in the 
posterior fossa, especially around the pons, is seen in 
some cases; the fourth ventricle may be dilated and 
the cerebellar folia show up prominently. Encephalo- 
grams made at intervals may show increased enlarge- 
ment of these air shadows, particularly in the third 
ventricle. In some cases of Jong duration of the disease 
the changes are minimal. 

The electroencephalogram was abnormal during an 
acute exacerbation in only 1 case, and as the condition 
went on to remission the electroencephalogram also 
became normal. 

Autopsy was performed in 4 cases, and comparison 
of the photographs of the brain with the roentgenogram 
shows a fair degree of correlation of the shadows with 
the sinking in of the cortex due to destruction and 
cicatricial contraction of the subcortical white matter. 
Histologic study of the brains indicated that the patho- 
logic process in_ disseminated sclerosis may destroy with 
relative completeness the subcortical white matter and 
yet leave the cortex almost entirely unaffected except 
for the radial fibers. 

It is concluded that the pneumoencephalographic find- 
ings are due not to local cortical atrophy but to sinking 
in of the cortex following cicatricial contraction of the 
subcortical white matter, and that the electroencephalo- 
gram, which is normal, shows a high correlation with 
the preservation of architecture of the cerebral cortex. 

DISCUSSION 

Dr. Michael Scott: In 1936 I presented at a meet- 
ing of this society (Arch. Neurol. & Psychiat. 38: 
218 [July] 1937) 6 cases of multiple sclerosis in which 
the encephalographic changes were practically identical 
with those described by Dr. Freeman tonight. The 
roentgenograms showed predominantly dilatation of the 
ventricular system and increased sulcus markings in 
the frontal lobe,* in the parietal lobe especially and in 
the cerebellum. In all these cases large amounts of 
cerebrospinal fluid, often in excess of 200 cc., were 
removed at the time of the air studies. 

Dr. Samuel B. Hadden : Dr. Scott’s mention of his 
cases has refreshed mj’^ memory. I think he will recall 
that in discussion of his presentation I showed roent- 
genograms in cases of a condition clinically diagnosed 
as cerebellar ataxia; in these cases the findings were 
much the same as in Dr. Scott’s cases and in those which 
Dr. Freeman presented tonight. 

Dr. Matthew Moore: Dr. Freeman’s contribution 
is important, it seems to me, because he has again 
demonstrated that by means of pneumoencephalographic 
studies one can correlate intravitam cerebral changes 
with gross postmortem obsen'ations, rather than because 
of his intimation that multiple sclerosis has a specific 
encephalogram. 

In 1934-1935 I presented a series of 152 cases of 
various tjiies of psychoses, of both organic and non- 


organic origin, in which pneumoencephalographic studies 
had been made. Among these were many instances of 
schizophrenia, epilepsy and early dementia paralytica in 
which the cortical atrophies were similar in many 
respects to the changes Dr. Freeman has shown. With 
dementia paralytica, there is supposedly a characteristic 
pneumoencephalogram. However, this is not entirely 
true, as there are essentially two types: one showing 
intense, spotty cortical atrophy with dilatation of the 
ventricular system, and the other presenting the so-called 
ground-glass appearance of • the hemisphere with pro- 
nounced symmetric or asymmetric dilatation of the 
lateral ventricles. I do not believe that a specific pattern 
exists with multiple sclerosis 'or Freidreich’s ataxia, 
as has been suggested by Dr. Hadden, and it would be 
difficult indeed, without clinical data, to make a definitive 
diagnosis on the basis of the pneumoencephalogram 
alone. The results of air studies can be interpreted 
only as a reflection of the changes occurring within 
the cortex or subcortex, with the secondary manifesta- 
tions in the configuration of the surface of the brain 
and the ventriclular system resulting from atrophies 
and contraction of- the tissue. 

Dr. N. W. Winkelman: Dr. Freeman has portrayed 
vividly the recognized underlying morbid process in 
multiple sclerosis. One could have surmised that there 
may be ventricular inequality, and at times dilatation, 
for one of the characteristics of multiple sclerosis is the 
periventricular location of the characteristic patches of 
sclerosis. It is also known that the morbid process is 
as a rule located beneath the cortical gray matter, and 
not within it. The complete disappearance of the myelin 
sheaths from one area of the subcortex with preservation 
of the U fibers, shown in one of the slides, is unusual 
in a case of multiple sclerosis. It is more commonly 
seen with other demyelinating diseases, such as Schilder’s. 

Knowing, therefore, that the morbid process of mul- 
tiple sclerosis is subcortical, and not cortical, one is 
not surprised to learn that there is little or no change 
in the electroencephalogram. One could not, therefore, 
make a diagnosis of multiple sclerosis on the basis of 
the brain wave pattern. 

Dr. Walter Freeman, Washington, D. C. : In the 
last case, in which the subcortical tissue was apparently 
so devastated, an encephalographic examination was 
not made. I do not know why the electroencephalo- 
gram is normal in cases with destruction of areas of 
the subcortical tissues and with the slot effect in the 
encephalogram, unless it is that the cortex is anatomi- 
cally intact. The cell bodies themselves and the intra- 
cortical connections apparently keep up this wave 
pattern through the cortex. 

Is the encephalogram specific for multiple sclerosis? 
I do not think so. It is only suggestive of the disease. 
My associates and I have made a diagnosis of multiple 
sclerosis in 2 cases of an obscure condition by finding 
such stellate shadows over the cortex. I am willing 
to grant tliat Friedreich’s ataxia causes atrophy of the 
cerebellum. I am interested to hear that the atrophy 
also involves the parietal area in this disease, for I have 
not observed it. Even so, I should expect the air, or 
the atrophy, whichever one prefers to call it, to be 
symmetrically distributed over the cortex in cases of 
Friedreich’s ataxia, whereas asymmetry is the rule with 
multiple sclerosis. 

In cases of dementia paralytica there is another com- 
plication, for the meningeal infiltration may cause locu- 
lation of the air and variable filling of the subarachnoid 
spaces. That does not often happen in cases of multiple 
sclerosis, although it did occur in 1 or 2 cases of the 
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series. With dementia paralytica there is usually dila- 
tation of the ventricles, but my experience has not been 
large. 

Neonatal Toxoplasmosis. Dr. N: W. Winkelman 
and Dr. Matthew T. Moore. 

Human infection with Toxoplasma hominis has re- 
cently created interest because of an increasing aware- 
ness that this condition is probably more prevalent than 
the relatively small number of cases recorded in the 
literature would indicate. 

In the infantile form, manifested chiefly as encephalitis 
or meningoencephalomyelitis, there is increasing evi- 
dence that the infection is of antenatal origin and that 
it is transmitted to the fetus via the mother. It is not 
unlikely that some stillbirths and deaths of 1 or 2 day 
old infants have been due to unrecognized toxoplasmic 
encephalitis. Although the cerebral lesions may be 
severe and extensive, some patients survive beyond 
infancy. 

Brieflj’-, the clinical diagnostic criteria are as follows: 
(1) history of onset of symptoms at birth or early 
infancy; (2) varied neurologic symptoms, including con- 
vulsions; (3) internal hydrocephalus or microcephaly 
(the latter being infrequent) ; (4) focal necrotizing 
chorioretinitis; (5) roentgenographic evidence of scat- 
tered intracranial calcifications; (6) pneumoencephalo- 
graphic evidence of internal hydrocephalus; (7) mental 
retardation (not invariably) ; (8) xanthochromia, pleo- 
cytosis of round cell type and high total protein content 
of the spinal fluid; (9) recovery of toxoplasmas from 
the blood or cerebrospinal fluid by animal inoculation 
(mice, rabbits), and (10) demonstration of neutralizing 
antibodies in the blood of the infant or mother. 

Up to the present IJ cases of fatal infantile toxo- 
plasmic encephalitis (Steiner) have been reported, the 
following case constituting the twelfth. 

REPORT OF A CASE 

A premature male infant, delivered of a 28 year old 
primiparous, diabetic mother, became cyanotic two days 
after birth and had difficult, spasmodic breathing and 
pronounced jaundice. Fine petechial hemorrhages ap- 
peared in the skin. Tremors and twitchings of the 
fingers and feet were present, and later, during the 
night, convulsive movements occurred. Examination 
showed enlargement of the heart, liver and spleen. The 
clinical picture suggested the presence of erythroblas- 
tosis fetalis. On the third day of life the infant sud- 
denly stopped breathing and died. 

Necropsy showed icterus, petechial hemorrhages of 
the skin, splenomegaly, hepatomegaly and undescended 
testicles. The spleen was three times the normal size, 
and the liver, which weighed 150 Gm., showed numer- 
ous areas of “fatty” degeneration. 

The brain, at the time of removal, showed evidence of 
internal hydrocephalus. The lateral ventricles were 
moderatelj'- dilated. Widely distributed areas of necrosis 
appeared in both temporal and frontal lobes, the floor 
of the lateral ventricles and both basal nuclei. Many 
of the degenerated areas were periventricular. 

Histologically, the necrotic lesions which were seen 
on gross inspection showed all the characteristics, of a 
granuloma plus the deposition of calcareous granules. 

The granulomas themselves, with the cell stain, 
showed three distinct zones ; an inner one of necrotic 
material, a middle zone of granulation tissue and an 
outer area of tissue reaction. The middle zone was 
composed of chronic inflammatory^ elements (lympho- 
cytes, monocji;es and plasma cells) ; fibroblasts ; epithe- 


lioid cells; large vesicular cells containing debris; 
occasional polymorphonuclear leukocytes, and a proto- 
zoon (Toxoplasma), occurring in cysts, free in the 
tissue and in phagocytes. 

Some of the lesions in the temporal lobe, the cingular 
gyrus and the hippocampus involved the leptomeninges, 
and the cellular exudate in the subarachnoid space con- 
sisted of chronic inflammatory elements — lymphocytes, 
plasma cells and monocydes. The toxoplasmas were not 
present in the subarachnoid space. 

The toxoplasmas were seen in and around the granu- 
lomas except in the necrotic portions. The appearance 
of the organisms themselves corresponded in all essen- 
tials to that described in the literature. None of the 
organisms could be seen in ganglion cells. The lepto- 
meninges in the unaffected portion of the brain showed 
no inflammatory or proliferative reaction. 

Our patient was an 8 month premature infant Avho 
lived three days. The brain for the most part showed 
massive granulomatous lesions and no granulomas of 
the miliary type described by Wolf, Cowen and Paige, 
Sabin and others. It is evident from the examination 
of our preparations that the lesions were chronic and 
antedated the elective cesarean delivery by weeks, if 
not months. This, obviously, represents a true ante- 
natal type of infection of the brain. 

DISCUSSION 

Dr. Gabriel Schwarz : I have been interested in 
toxoplasmosis because there has been an opportunity 
at the University Hospital to see cases of the arrested 
di'sease. Since I reported 2 cases before this society, 
I have seen 2 others; I have now studied 4 cases of 
arrested toxoplasmic encephalitis. 

Were Dr. Moore and Dr. Winkelman able to culture 
the toxoplasms by inoculation of mice? Did they send 
a specimen of serum to Dr. Wolf and his group for 
neutralization tests? There is certainly needed a more 
definite test than the neutralization test developed by 
Sabin. In both cases that I studied at the Uni- 
versity Hospital, and in which I sent specimens of 
serum to Dr. Wolf, some of the control specimens were 
positive, not so strongly, but certainly positive. 

This case reported by Dr. Winkelman and Dr. Moore 
increases the number of well studied and authenticated 
cases of toxoplasmosis of the nervous system. I think 
this condition will be found the cause of more fetal 
and infantile deaths in the past than has been supposed. 

Dr. George Gammon : Was there evidence of kernic- 
terus in this child? Was he jaundiced, with enlarged 
liver and spleen and erythroblastosis? 

Dr. N. W. Winkelman: We did not make any in- 
jection experiments on animals because the brain was 
sent to us after fixation in solution of formaldehyde. 
The child’s mother moved after her discharge .from the 
hospital, and we have no trace of her. In answer to 
Dr. Gammon’s question, the child had the icterus that 
one sees in many newborn children. It was not icterus 
neonatorum gravis, and the brain showed none of the 
changes of the so-called kernicterus. . 

Dr. Matthew Moore: As Dr. Winkelman stated, 
the specimen was submitted to us in poor condition, 
and it was not until histologic studies had been made 
that the diaposis became apparent. In order to fulfil 
all the criteria for the diagnosis of toxoplasmic meningo- 
encephalitis, we should have desired serologic tests on 
both the infant and the mother; however, this, obvi- 
ously, was not possible. As was stated in the paper, 
observers have tested not only the patient and mother 
for serologic reactions, but other members of the' family, 
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who, surprisingly, have showed a positive reaction for 
toxoplasmic infection. A representative number of per- 
sons from the lay population have had serologic tests 
for the toxoplasmic infection, and many have given a 
positive reaction. It is not at all unlikely that toxo-- 
plasmic infection in adults is fairly prevalent, but the 
human adult acquires immunity to the organism and 
therefore does not manifest clinical signs. In the 
fetus, however, to which the organism has been trans- 
mitted by the mother, there appears to be a suscepti- 
bility of the nervous system to the ravages of the 
organism, and the characteristic meningoencephalomye- 
litis develops. 


AMERICAN ASSOCIATION OF 
NEUROPATHOLOGISTS 

H. AI. ZiMJiERMAN, M.D., President, in the Chair 

Annual Meeting, May 18, 1944 

Porencephaly. Dr. Otto Marburg, New York. 

A study of the literature on porencephaly reveals 
two different concepts, one which acknowledges as 
porencephaly only the condition in which a cavity in 
the brain -connects the ventricle and the subarachnoid 
space, and the other which considers every simple cavity 
as constituting porencephaly (incomplete porencephaly, 
or pseudoporencephaly). The second concept is based 
on the fact that these simple cavities occur in the same 
site and present the same pathologic changes as true 
porencephaly. Surprisingly, the site of the cavities 
corresponds with the drainage areas of the veins, par- 
ticularly that of the vena magna Galeni. This fact was 
proved by the investigations of Siegmund and, in par- 
ticular, by those of .Schwartz. The drainage areas of 
the respective branches of the veins are well known, as a 
result of the studies of Schwartz and Fink and Schles- 
inger. The vena terminalis anterior and the vena 
lateralis ventriculi are particularly affected, the whole 
drainage area of the vena magna Galeni being occa- 
sionally involved, thus causing cavities within the cere- 
bellum and, via the vena basalis of Rosenthal, at the 
base of. the brain, including the optic chiasm and the 
optic tract. Involvement of the latter area explains 
the occasional occurrence of optic nerve atrophy. The 
intactness of the striopallidum in the majority of the 
cases under discussion is evidence that there involve- 
ment of the arteria cerebri media, as has been sug- 
gested by many authors, did not occur. There may, 
however, be a few isolated cases in which arterial 
obstruction leads to similar formations. 

The cortical foci are cone shaped, as was first demon- 
strated by Schwartz. Since the veins accompany the 
arteries, it is obvious that in the frontal area, as well 
as in the sylvian fissure, the cavities are horizontal, 
whereas they run dorsoventrally in the region of the 
central convolutions. The destructive process leading 
to the formation of the cavity is a necrotic or malacic 
one, occasionally accompanied by lymphocytes around 
the blood vessels, due to stasis edema. This, however, 
is not proof that an inflammatory process is the cause 
of porencephaly, as was suggested by Strumpell. Con- 
cerning this point there is great confusion, since what 
is called Virchow’s encephalitis is in reality malacia 
following phlebothrombosis or phlebostasis (Wohlwill). 
This condition is a usual accompaniment of poren- 
cephaly. When, however, there is another type of 
inflammation, either a complicating factor (secondary 
infection, as in the case of Globus) or phlebothrombosis 
(as in a case of Ghiberti) causes the destruction. That 


arrested development is a cause of porencephaly, as was 
first suggested by Heschl, was disproved by Zingerle, 
with sufficient evidence. Recently Yakovlev and Wads- 
worth have tried to bring new evidence in favor of 
Heschl's suggestion. The course of the clefts, corre- 
sponding in their opinion, to zones of cleavage, or 
primary fissures, depends, as already explained, on the 
site of the veins. The relation between pia and 
ependyma is of no significance, since the latter has 
its own circulatory mechanism, and it is questionable 
whether the cover of the porus is formed by arachnoid 
or by newly formed connective tissue. Alicrogyria is 
seen in every case of porencephaly, and dystopias are 
easily explained by the time of onset of the poren- 
cephaly. The earlier the onset, the more dystopias will 
be encountered. 

For the formation of porencephaly there must be, in 
addition, hydrocephalus, with perforation of the thin 
walls of the cavity. This hydrocephalus is riot primary, 
but is secondary to some lesion of the brain, as d’Abundo 
and I have proved experimentally. 

DISCUSSION 

Dr. Clemens E. Benda, Wrentham, Mass. : Dr. 
Marburg has used the term porencephaly for a number 
of different conditions which should be kept distinct. 
He uses the term for true porencephaly,’ which is a 
congenital malformation developing some time during 
the second half of the prenatal period, and for the 
cystic degeneration of the brain which may be the 
product of birth injury or of infantile encephalitis. 
These various conditions have different causes, and it 
is hard to understand an attempt to explain the various 
operative factors by a single mechanism. 

Dr. Otto Marburg, New York: The term “con- 
genital” does not mean endogenous; even if poren- 
cephaly is assumed to be congenital, it still may be 
due to an exogenous factor, such as trauma to the 
mother which affects the fetus (Seitz, L. : Arch. f. 
Gynak. 83:701, 1907. Jaffe, R. H. ; Traumatic Poren- 
cephaly, Arch. Path. 8:787 [Nov.] 1929). 

Influence of Gonads and Adrenal Glands on the 
Chemical Composition of the Brain. Dr. A. 
Weil, New York, and Dr. R. A. Groat*, Chicago 
(by invitation). 

It had been shown in previous publications that there 
is a difference in the phospholipid content of the brain 
of male and female white rats, which changes during 
growth and after removal of the gonads. A similar 
difference was demonstrated between the brain of man 
and that of woman. The present investigation is con- 
cerned with the effect of injections of synthetic estro- 
gen and androgen on the chemical constitution of the 
brain of the white rat. Testosterone propionate and 
a-estradiol benzoate were injected into both normal and 
gonadectomized rats. Injections of homologous “sex 
hormones” into normal animals did not change the 
chemical composition of their brains. If, however, the 
preparation was injected into immature gonadectomized 
rats, there was a change in the direction of the normal 
makeup. Heterologous “sex hormones” changed the 
chemical composition of both normal and gonadectom- 
ized. rat brains toward the female or the male side 
respectively. It was more difficult to influence the 
chemical composition of adult rat brains through the 
injection of synthetic androgen or estrogen in both 
normal and gonadectomized rats. 

In an attempt to ascertain the influence of other 
endocrine glands on the brain, changes in the latter 
organ following ablation of the adrenals were studied. 
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After removal of the adrenal glands in both male and 
female white rats, there were an increase in the weight 
of the brain of more than 10 per cent and a proportional 
increase of the various chemical constituents, without 
any qualitative changes. At the same time, the weights 
of the kidneys, heart, thyroid, testes and prostate were 
increased proportionally, the hypophysis not being 
affected. 

For more than two hundred years it has been known 
that congenital aplasias of the cerebral cortex accom- 
panied by atrophy of the hypophysis in man is. fre- 
quently associated with atrophy of the adrenal glands. 
A^arious theories center about primary involvement of 
either the cerebral cortex or the adrenals. However, 
the fact that ablation of the adrenals results in enlarge- 
ment of the brain vitiates tlie theory which designates 
the primary role to the adrenals. After hypophysectomy 
the weight of the adrenal glands is reduced to less than 
one-fifth their normal weight. Hence it would seem 
that the atrophy of adrenal glands in cases of hemi- 
cephaly or cortical aplasias in man is due to atrophy 
of the hypophysis, and not of the cerebral cortex. 

Acute Fatal Experimental Toxoplasmosis in a 

Young Monkey. Dr. D. Cowen and Dr. A. Wolf, 

New York. 

The source of human infection with toxoplasmas is 
probably the large reservoir of toxoplasmosis in rodents 
and birds. Occasionally, spontaneous infection with this 
protozoon has been noted in other species. In view of 
the increasingly frequent recognition of toxbplasmosis 
in man, it is of interest to note that the disease has not 
often been observed in other primates. 

Spontaneous toxoplasmosis was reported in a monkey 
(Stentor senilicus) by Theze, in a baboon (Cynocepha- 
lus) by Levaditi and Schoen and in a chimpanzee by 
Kopciowska and Nicolau. These observations consisted 
essentially in the chance identification at autopsy of 
rare and isolated parasites without lesions. The organ- 
isms occurred in the brains of 2 animals, and in the 
bone marrow, spleen and liver, in another. Since 2 of 
•the animals had been inoculated with rodent tissues for 
other purposes, one is justified in doubting whether the 
toxoplasmas had not accidentally been introduced. 

Since 1909, several attempts have been made to infect 
primates experimentally by Nicolle, by Levaditi and by 
Sabin and their various co-workers. Several species 
of monkeys (Macaca cynomolgus, Macaca sinicus, 
Macaca rhesus and Cercopithecus patas) and 2 baboons 
(Papio sphinx) were inoculated with toxoplasmas by 
various routes, chiefly the intracerebral. For the most 
part, single representatives of each species were used, 
and negative results were obtained. It has been shown, 
however, that adult Macaca rhesus monkeys may mani- 
fest clinical and serologic evidence of a mild, transient 
infection. Pathologic examinations carried out on 3 
monkeys and a baboon gave negative results. In brief, 
a fatal infection in primates has not yet been produced. 

In the present experiments, 7 Alacaca rhesus monkeys 
were inoculated by the intracerebral and other routes 
with human strains of Toxoplasma. Of these animals, 
2 were immature, 7 months of age; 2 were young 
adults; 2 were adult pregnant females, and the last, 
an infant, inoculated at 2 months of age, was the off- 
spring of one of tlie 2 females. An adult baboon was 
also inoculated. One immature monkey, given inocu- 
lations of the brain and the peritoneal cavity, had repeated 
convulsions and died five days after intracerebral 
inoculation. Autopsy revealed meningoencephalitis, 
interstitial myocarditis, focal interstitial pneumonitis. 


focal myositis and small inflammatory lesions in the 
rete testis. The second immature monkey probably 
had transient acute toxoplasmosis, from which it re- 
covered. This monkey’s serum gave a weakly positive 
neutralization test for toxoplasmas, but the animal 
showed no lesions when killed five months later. 

All the other animals showed no evidence of toxo- 
plasmosis, either clinically or at autopsy. Of the ani- 
mals tested serologically, the baboon and 1 monkey gave 
negative reactions and the 2 pregnant females mildly 
.positive reactions. The attempt to transmit the infec- 
tion to the fetus by infecting tliese pregnant monkeys 
was unsuccessful, but the infant born of 1 of them 
proved refractory to infection by repeated inoculation. 
In conclusion, only in 1 immature monkey did a fatal 
infection develop. This susceptibility of a younger 
animal is interesting in view of the higher incidence of 
human toxoplasmosis in the first decade of life. 

Histopathology of Cerebral Aneurysms. Dr. F. 

M. Forster, Wellesley, Mass-, (by invitation) and 

Dr. B. J. Alpers, Philadelphia. 

In previous studies on congenital aneurysm a ques- 
tion arose as to the congenital nature of the defect of 
the media, and the status of the elastica and of the 
intima was not clearly defined. For this reason, 8 
aneurysms of tlie circle of Willis, all occurring at 
bifurcations, were studied in serial sections. Hema- 
toxylin and eosin. Van Gieson’s stain for elastic tissue 
and Masson’s trichrome stain were employed. All 8 
aneurysms arose from an area of defect in the media 
of the parent vessel. These defects in the media were 
sharply defined and had not undergone inflammatory or 
degenerative changes. Study of these defects in serial 
sections gave evidence that they were not artefacts due 
to tucking in of the media. In none of the 8 aneu- 
rysmal sacs was there any evidence of a medial coat. 
In contradistinction to this, the condition of the elastic 
membrane was variable. In 1 specimen it was present 
and complete in the aneurysmal sac. In 2 specimens 
the elastic membrane of the aneurysmal wall was en- 
tirely lacking, and in 1 of them the elastica of the parent 
vessel ended abruptly at the point of origin of the 
aneurysm. In 5 of the aneurysmal sacs elastic tissue 
was present in varying amounts, but as fragmented 
strands. In these 5 aneurysms and in 1 of the aneurysms 
in which the elastica was lacking, the elastic mem- 
brane of the parent vessel as it approached the origin 
of the aneurysmal sac became frayed and split. In 4 
of the 8 aneurysmal sacs the intima was normal, and 
in the remaining 4 sacs it had undergone projiferative 
and degenerative changes. Changes in the intima and 
alterations of the elastica were not necessarily coexis- 
tent, and either occurred independently of the other. 

In view of the constancy of the defect of the media 
and its freedom from evidence of degeneration or inflam- 
mation, it is concluded that the cerebral aneurysm is a 
true congenital defect. The wide range of alterations 
of the elastic membrane, from a complete membrane 
through fragments of elastic tissue to entire absence of 
such tissue, occurring irrespective of otlier degenerative 
changes, indicates a tendency of the elastica to dis- 
integrate in the wall of the congenital aneurysm. In 
view of the wide range of alterations in the elastica, it 
is concluded that, regardless of the state of the elastica, 
such anturysms should be considered congenital. 

DISCUSSIOX 

Dr. Alfred Axgrist, Jamaica, N. Y.: The varia- 
tions in the defects which have been stressed are 
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enlightening, for heretofore authors have emphasized a 
defect in one particular coat or another of the vessel, 
to the exclusion of others. If any one coat of a blood 
vessel is to obtain undue emphasis, it would seem proper 
to call attention to the necessity of an intact elastica if 
aneurysmal bulging, due to increased pressure within 
the lumen of the vessel, is to be avoided. 

It is of interest that the authors boted defects in 
so-called arteriosclerotic aneurysms. This is in keep- 
ing with the observations which my associates and I 
have made and permits of a unifying concept. It is. 
our impression that many so-called arteriosclerotic aneu- 
rysms are basically congenital lesions, and that such 
congenital lesions have an increased propensity to under- 
go arteriosclerotic changes of a degenerative nature. 
It is such changes that lead to the softening and 
weakening of the sac and to actual rupture and hemor- 
rhage. In all of the congenital aneurysms studied which 
led to fatal subarachnoid hemorrhage we invariably 
noted arteriosclerotic changes. It is of interest that 
occasionally we saw active arteriosclerotic changes with 
lesions simulating a necrotizing process, or a condition 
similar to that often observed in the arterioles with 
malignant nephrosclerosis. Aneurysms which in the 
gross seemed purely congenital, on microscopic exami- 
nation showed arteriosclerotic changes, and often acute 
necrotizing lesions in the wall. According to this 
concept, the hemorrhage, which is the dramatic com- 
plication of these lesions, is explained by the selective 
localization of the general pathologic process of arterio- 
sclerosis in the aneurysmal sac, while the rest of the 
vessel usually falls to show such changes. Whether the 
arteriosclerotic process is brought on by the physical 
effect of eddies and the stresses in the sac remains a 
theoretic consideration. The arteriosclerotic process 
then becomes the basis for the rupture of the congenital 
aneurysm, much as it is accepted as the basis for 
ordinary apoplexy. 

Giant Cells in Neuroectodermal Tumors of the 

Brain. Dr. J. H. Globus, New York, and Dr. 

H. Kuhlenbeck, Philadelphia. 

As far back as 1905, the presence of giant cells in 
gliogenous tumors was described by Babes, and later 
the observation was confirmed by other authors. In 
1918 and 1924 Globus and Strauss studied the type of 
tumor which they designated as spongioblastoma, and 
later as spongioblastoma multiforme. Their observa- 
tions emphasized the role played by giant cells in 
rapidly growing gliogenous tumors. It was suggested 
by these authors that the rapidity with which such a 
tumor grows is related to the presence of these giant 
cells. From other quarters, 'however, a theory was 
advanced that these cells are reactive elements, provoked 
by necrobiosis. On the other hand, experimental work 
with tissue culture has in the meantime provided new 
evidence that the giant cells are a special cell form 
which can be reproduced in artificial growth mediums. 

An attempt to emphasize the importance of giant cells 
was made by Farnell, in collaboration with Globus, but 
his preliminary report was based on less abundant 
material. 

Having in the course of the past twenty years col- 
lected abundant material from which to choose striking 
examples of various types of giant cells in various stages 
of development, we selected 35 neoplasms displaying 
characteristic varieties of giant cells. These neoplasms 
belong to seven types of neuroectodermal tumors of the 
brain ; spongioblastoma multiforme, spongioneuroblas- 
totna, spongioblastoma ependymale, transitional glioma. 


transitional glioneuroma, tuberous sclerosis (spongio- 
neuroblastosis disseminata) and pinealoma. 

In this material the formation of giant cells both by 
true mitotic division and by atypical multipolar mitosis 
was observed. Tripolar, tetrapolar, pentapolar, and 
possibly hexapolar, metaphase stages, with the corre- 
sponding number of centrosomes, were noted. Other 
giant cells, however, showed evidence of amitotic 
nuclear division. Highly irregular amitotic fragmenta- 
tion and break-up patterns of nuclear material were 
observed in some instances, while in others the amitotic 
nuclear, constriction and division figures resembled those 
seen in normal tissue. On the other hand, phases of 
explosive mitotic activity leading to rapid tumor growth 
were noted. True giant cells of spongioblastic, as- well 
as of neuroblastic, lineage were recognized in areas 
untouched by necrobiotic processes. Multinuclear, as 
well as mononuclear, giant cells were observed in both 
spongioblastic and neuroblastic categories. The close 
relation of such giant cells to the monster cells in 
tuberous sclerosis (spongioneuroblastosis disseminata) 
could be demonstrated. Giant cells show not only 
features of arrested or retarded differentiation, but 
progressive changes in the direction of further differen- 
tiation (Nissl substance, neurofibrillae or astrocytic 
features). 

The sites of predilection of tumors rich in giant cells 
were the subependymal cell plate, the region of the 
sulcus terminalis and other sites of embryonic remnants 
which we have described in previous communications. 

In cases of spongioneuroblastoma rounded groups of 
large neuroblastic cells surrounded by spongioblastic 
elements could be seen. Individual neuroblastic cells 
might even appear to be enclosed by small spongio- 
blastic cells, an arrangement imitating that of capsule 
cells. The entire pattern bore a conspicuous, if only 
superficial, resemblance to a spinal or a cranial nerve 
ganglion. Moreover, the giant cells, particularly the 
mononuclear forms, often bore a strong resemblance to 
ganglion cells. 

The following phylogenetic factor may be invoked 
to explain this striking tendency to exhibit patterns of 
structures derived from the neural crest. In Acrania 
(Branchiostoma ; Amphioxus) the primary sensory cells, 
with few exceptions, remain within the neural tube. 
The dorsal roots contain no spinal ganglia, and a neural 
crest is not present. In Petromyzon the neural crest 
and the spinal ganglia make their first appearance. 
However, in all fishes large primary sensory cells of 
the type of spinal ganglion cells are still present in the 
dorsal portion of the spinal cord. Even in amphibian 
larvae and reptilian embryos such elements still repre- 
sent a transitory embryonic feature and are known as 
the transitory dorsal cells, or Rohon-Beard cells. 

It may thus be assumed that the neural crest or the 
cells of the spinal and the cranial nerve ganglia repre- 
sent alar elements which were originally enclosed within 
the neural tube and which secondarily migrated toward 
the periphery, possibly following a neurobiotactic stimu- 
lus, to aggregate as the neural crest and subsequent 
spinal and cranial ganglia (Kappers, 1920; Kuhlenbeck, 
1927). 

The nucleus of tlie mesencephalic root of the trigemi- 
nal nerve has thus been interpreted as a group of such 
primary sensory cells remaining in a phylogenetically 
primitive position within the neural tube. 

As these ganglion-like neoplastic cell groups occur in 
neuroectodermal tumors within regions derived from 
the' alar plate of the forebrain, it may easily be sur- 
mised that they have developed from ' embrj'onal cell 
remnants with primitive ganglionic crest potencies. 
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DISCUSSION 

H. M. Zimmerman (MC), U.S.N.R. : Dr. Globus’ 
contention that the giant cells in malignant gliomas are 
neoplastic rather than inflammatory is not surprising to 
the general pathologist. The latter sees giant cells in 
other types of malignant neoplasms, such as the malig- 
nant melanoma, the chorioepithelioma and even certain 
carcinomas of the stomach. What is surprising is Dr. 
Globus’ statement that tlie giant cells can and do break 
up into single nucleated glial tumor cells. It has gener- 
ally been accepted, I believe, that multinucleated cells 
were the result of abnormal cellular division, or of cel- 
lular fusion, and thus represented a terminal state, or 
condition, of the cells. That such cells can divide to 
form single cells is a new idea. 

Dr. J. H. Globus, New York; I believe the demon- 
stration contains sufficient evidence in favor of cell 
division, rather than of cell coalescence, as a cause of 
giant cell formation. 

Pathology of Demyelinating Diseases as an Aller- 
gic Reaction of the' Brain. Dr. A. Ferraro, New 
York. 

This paper was published in the December 1944 issue 
of the Archives, page 443. 

Periarteritis Nodosa "with Decerebrate Rigidity 
and Extensive Encephaiomalacia in a Five 
Year Old Child. Dr. N. Malamud, Ann Arbor, 
Mich. 

The occurrence of periarteritis nodosa in childhood 
b not uncommon. But although there is considerable 
clinical evidence of involvement of the central nervous 
system in children .with this disorder, there are few 
clinicopathologic reports in the literature, and, for this 
reason, the following case is presented. 

REPORT OF A CASE 

A 5 year old boy, while convalescing from an infec- 
tion of the upper respiratory tract, had fleeting joint 
and abdominal pains. Examination revealed a systolic 
cardiac murmur, fever and leukocytosis, which led to 
a diagnosis of acute rheumatic fever. A week later, 
just as these symptoms began to subside, the patient 
suddenly had a series of convulsive seizures, became 
comatose and presented outspoken signs of complete 
decerebrate rigidity. The pupils were dilated and fixed 
to light, and there was mild papilledema. The tempera- 
ture became elevated and irregular. Ventriculographic 
studies suggested a tumor of the brain stem. The 
patient's condition declined rapidly, and he died approxi- 
mately two and a half months after the onset of tlie 
illness. 

Necropsy revealed massive necrosis of the cerebrum. 
The entire cortex and the basal ganglia were spongy 
and friable, resembling milk curds, and were poorly 
demarcated from tlie somewhat firmer white matter. In 
Nissl preparations the necrotizing process- could be 
traced down to the level of the red nucleus, where it 
stopped abrupt!}'. Histologically there was noninflam- 
matory, complete liquefaction necrosis of the tissue in a 
uniform stage of active gliomesodermal reaction. The 
brain stem .and the spinal cord were intact, and there 
was only diffuse degeneration of Purkinje cells in the 
cerebellum. All the basal vessels were normal, but 
careful microscopic examination of tlie vessels in large 
sections revealed typical changes of periarteritis nodosa 
in the smaller meningeal arteries on the medial surfaces 
of the cerebral hemispheres. The disease was in a 


subacute phase, consisting in “hyaline” necrosis of the 
subintima and media, perivascular infiltration with 
lym]^hocytes and beginning fibrosis of the intima and 
adventitia, with narrowing of the lumen. Similar vas- 
cular lesions were present in the heart, resulting in 
anemic infarcts throughout the myocardium and a soli- 
tary aneurysm of the left marginal branch of the 
coronary artery. There were some lesions in the wall 
of the trachea, the gastrointestinal tract and the kid- 
neys. 

This case was unique in many ways. The clinical 
course was unusual in that only the brief initial symp- 
toms were suggestive of periarteritis nodosa. These 
early signs were quickly obscured by a purely neuro- 
logic syndrome of decerebrate rigidity, so that a diag- 
nosis of cerebral tumor was considered. There was a 
striking disproportion between the extensive destruction 
of the cerebral parenchyma and the restricted vascular 
lesions. This discrepancy has been observed by other 
authors, but probably only the case described by Balo 
was one of comparable severity. While periarteritis 
nodosa is admittedly a vascular disorder, this lack of 
parallelism between the vascular and the parenchymal in- 
volvement in some cases must be accounted for by 
other factors. Some authors attribute this to a toxic 
factor. In my opinion, the view recently substantiated 
experimentally by Rich and Gregory that periarteritis 
nodosa is an anaphylactic type of reaction is of interest 
in this connection. In the present case, the onset of 
the disease after an infection of the upper respiratory 
tract and its initial general effect on various tis'sues of 
the body, followed suddenly by an extensive necrotizing 
process in the brain, out of all proportion to the arteritis, 
suggest an allergic reaction. 

DISCUSSION 

Dr. a. Ferraro, New York: The material presented 
by Dr. Malamud is of interest because it is in accord 
with the new concept of an allergic reaction of the brain 
in the presence of certain pathologic conditions. It is 
gratifying that he, too, has been thinking in such terms. 
Among such pathologic changes of particular interest 
is the periarteritis nodosa which he has described, and 
it is well known that such a condition is now considered 
the expression of an allergic reaction of the blood 
vessel walls. In view of this interpretation of the vas- 
cular damage, I agree with him that the rest of the 
pathologic picture can be viewed in the light of a more 
general allergic reaction of the brain tissue. I feel 
confident that the study of allergic reactions of the 
brain to various pathologic stimuli will open a bright 
new field for investigation and better understanding of 
brain pathology. 

Cerebral Thromboangiitis Obliterans: Histogene- 
sis of Early Lesions. Dr. I. Mark Scheinker, 
Cincinnati. 

This paper was published in full in the July 1944 
issue of the Archives (52:27, 1944). 

Neurogenic Polycythemia: Report of a Case. 
Dr. a. Earl Walker, Chicago. 

Neurologic phenomena accompanying polycythemia 
vera are usually considered the result of the pol}'- 
cythemia, but a growing volume of literature has been 
accumulating suggesting tliat the cerebral lesions may 
be the primarj' factors in the production of the cry- 
thremia. Within the past four years I have performed 
operation in 2 cases of cerebellar hemangioblastoma 
associated with polycythemia, which disappeared after 
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removal of tlie tumor, and Dr. Henry Schwartz oper- 
ated in a similar case. Two of these cases have previ- 
ously been reported (Carpenter, G. ; Schwartz, H.,' and 
Walker, A. E. : Neurogenic Polycytliemia, Atm. Int. 
Med. 19:470-481, 1943). A brief summary of the third 
case follows. 

A, G. F., a machine operator aged 32, was admitted to 
the University of Chicago Clinics on Sept. 3, 1943, com- 
plaining of throbbing headaches of five months’ duration. 
Except for erythematous papules on the face, physical 
examination gave normal results. Neurologic ex- 
amination revealed only unsteadiness of gait. Exami- 
nation- of the blood showed a high erythrocyte count 
and elevation of hemoglobin but a normal white cell 
count, indicating that tlie erythrocytosis was not the 
result of dehydration. Spinal puncture revealed in- 
creased intracranial pressure (300 mm. of cerebrospinal 
fluid). Since ventriculographic study showed no dilata- 
tion of tlie cerebral ventricular system the patient was 
treated with phlebotomy, 1,000 cc. of blood being re- 
moved on two occasions. His condition, however, did 
not improve, although the degree of erytlirocytosis 
decreased. On November 25 he was found to have 
papilledema ; a second ventriculographic examination 
revealed symmetric internal hydrocephalus with anterior 
displacement of the aqueduct of Sylvius. 

On November 30 tlie posterior fossa was exposed and 
a vascular tumor removed from the posterior part of 
the left hemisphere. The patient had an uneventful 
convalescence and was discharged to his home on the 
eighth ■ postoperative day. Histologic study revealed 
that the neoplasm was a hemangioblastoma. 

The plasma volume did not appreciably change after 
operation, although the red cell mass decreased almost 
1 liter. This finding suggests that the condition was 
a real polycythemia, and not merely a hemoconcentra- 
tion. It is true that the erythremia was never severe, 
but in view of the patient’s weight the hematologic 
picture appears abnormal. 

The presence of erythrocyte-regulatory centers in the 
diencephalon has been suggested by Schulhof and 
Mathies, da Rin and Costa, and Riccitelli, on experi- 
mental grounds. The clinical basis for such a hypothesis 
has recently been reviewed by Ferraro and Sherwood 
{Psychiatric Quart. 11:19, 1937). 

Apposite to this discussion is mention of the well 
controlled work of Schafer in production of erythremia, 
with a red cell count as high as 9,000,000 per cubic 
millimeter, in dogs by section of all afferent depressor 
fibers in the cervical region. The great increase in 
blood volume accompanying the polycythemia was shown 
to be due entirely to increase in the cell volume. Total 
sympathectomj' abolished or prevented this effect. 
Hypertension with vasoconstriction is an essential part 
of the syndrome produced by section of the depressor 
fibers, and it is possible that the operation is nothing 
more than a surgical method of producing the type of 
polycythemia which Davis induced in man and animals 
with vasoconstrictor drugs. On the other hand, its 
implications with respect to possible erythrocyte-con- 
trolling centers cannot now be discounted. 

In no instance of “neurogenic polycythemia” has there 
been described any notable enlargement of tlie spleen. 
This perhaps is in keeping with the concept of the 
erythremia as essentialljf symptomatic, it being widely 
held (though unproved) that splenic enlargement is due 
to the storage of cells unwanted bj' the circulation. 

That the pathologic tj’pe of the tumor may have 
played an etiologic role in the polycytliemia is pot prob- 
able in view of the fact that in none of a series of 14 
other cases of cerebellar hemangioblastoma was there 


any evidence of- erythremia. Nor did Cushing and Bailey 
mention such a complicating condition in their review 
of the subject. 

It is unlikely that an arteriovenous shunt in the 
cerebellum through the vascular tumor could be the 
cause of the polycythemia. Unfortunately, however, • 
determinations of oxygen tension of venous and arterial 
blood for the head were not made, so that such a possi- 
bility cannot be entirely eliminated. 

It may only be said at this time that polycythemia 
associated with cerebellar hemangioblastoma has been 
observed in 3 cases. The pathogenesis of the poly- 
cytliemia must remain for further clinical and experi- 
mental studies to determine. 

DISCUSSION 

Dr. L. Roizin, New York : Could the polycythemia , 
noted in Dr. Walker’s 2 cases be related to a neuro- 
hormonal mechanism? I ask this for the following 
reason ; 

In 1935, in collaboration with Dr. P. Foa (Arch, di 
fisiafl. 35:170, 1935), I investigated the influence of the 
central nervous system on the morphologic composition 
of the blood in dogs. In our experiments we studied 
the effects of the hydrodynamic changes in the spinal 
fluid pressure, the action of various vegetative-mimetic 
drugs and glandular preparations introduced into the 
cerebral ventricles and the influence of generalized con- 
vulsions produced by strychnine applied to the cortical 
motor region, followed by cutaneous stimulation of the 
area. Simultaneous registration of the blood pressure 
and oncographic study of the spleen and bone marrow 
(Tournade’s method) revealed that increase in blood 
pressure and decrease in volume of the spleen were 
associated with erythrocytosis and leukocytosis (neutro- 
philia, lymphopenia and a shift to the left of Arneth’s 
formula). In splenectomized dogs less pronounced ery- 
throcytosis and slight leukopenia were noted. Varia- 
tions in number of the white and the red blood cells 
also were observed in relation to emotional states in 
the animals. We concluded that the temporary increase 
of the white and the red blood cells was related to the 
stimulation of the neurovegetative centers of the dien- 
cephalon and medulla. Somewhat similar results were 
noted also by Borchardt in adrenalectomized cats and 
by Anderson and Witthower in human beings. 

I wonder whether the polycythemia observed in Dr. 
Walker’s cases before the operation and the return to 
normal afterward could be related to similar neuro- 
hormonal mechanisms elicited by abnormal pressure of 
the tumor or by hydrodynamic variations in the cere- 
brospinal fluid. 

Dr. H. M. Zimmerman (MC), U.S.N.R. : Was there 
any evidence of hematopoiesis in the case of cerebellar 
hemangioblastoma ? 

Dr. a. Earl Walker, Chicago: The observations 
to which Dr. Roisin referred were disturbances of tlie 
entire hematopoietic system, which were not present in 
our cases of polycythemia associated with cerebellar 
hemangioblastoma. The erythremia in our cases was 
related to the red cell-forming mechanisms alone and 
probably is to be explained by a peripheral disturbance 
induced by the neuropathologic process. .That intra- 
cranial hypertension alone produces polycythemia is not | 
likely, since we were unable to find evidence of such I 

a condition with other types of cerebral tumor asso- | 

dated with intracranial hypertension. The precise ; 
mechanism of the disorder must be left for further in- j 
vestigation. | 
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Dr. Zimmerman asks whether there was any evidence 
of hematopoiesis. In these cases of symptomatic poly- 
cythemia, as is true in practically all such cases, there 
was no increase in the nucleated red cells. Unfortunately, 
biopsy of the bone marrow was not made in any of 
our cases, so that more direct evidence of increased 
hematopoiesis is not available. 

Coagulation Necrosis in the Brain. Du. Kaul T. 
Neubuerger, Denver. 

This condition is more frequent than one would con- 
clude from the literature. The anatomic picture exhibits 
the following main characteristics: more or less com- 
plete necrosis of the tissue; presence of doubly refrac- 
tive, acicular “slits” (apparently the site of cholesterol 
crystals) and sometimes of amyloid bodies and extra- 
cellular lipid droplets; varying degrees of calcification 
(granules or fibrils), and absence of decomposition and 
organization inside the necrosis. The foci are some- 
times present within softened tissue; they may become 
surrounded and replaced with collagen tissue, with 
islands of foam cells. Grossly, the foci are small, 
whitish and moderately firm. 

The recent literature contains only a few related 
papers (Markiewicz; Ley; Crede). The material used 
in this study consisted of 18' cases, in which arterio- 
sclerosis, trauma, neoplasm, embolism and meningitis 
were represented (slides). 

The difference between this type of necrosis and lique- 
faction necrosis is evident. During only the earliest 
stages of an infarct in the brain is one unable to state 
in which direction the development will proceed. Coag- 
ulation necrosis differs also from caseation : An area 
of caseation is surrounded by specific granulation tissue; 
it is characterized by deposition of fibrinoid masses, 
preservation of elastic tissue and absence of slits. Co- 
agulation necrosis in the brain has been compared to 
infarcts in the viscera (kidney and spleen). While 
such a comparison is partially justified, especially with 
regard to pathogenesis, it is not completely satisfactory. 
The fact that brain tissue undergoing necrosis is chemi- 
cally different from visceral tissue should be considered. 
The brain is rich in cholesterol. Disintegration of the 
brain tissue, due to failing nutrition, sets free cholesterol 
esters; these substances are split, and cholesterol crys- 
tallizes, with formation of “slits.” This process may 
be compared with what happens, for example, in athero- 
matous softening of the aorta. The breakdown may 
take place in areas of simple necrosis of brain tissue, 
or it may occur in tissue revivified by gitter cells. 

The lesion is due apparently to complete ischemia of 
the region involved. In the cases examined, so far 
as could be determined, there was total or subtotal r'^as- 
cular occlusion. It is perhaps superfluous to bring in 
the term “fermental preparation” {AjifberciUmg), as 
used by klarkiewicz. He expressed the belief that such 
a preparation takes place in areas of ordinary softening 
under the influence of surrounding living tissue, Avhich 
furnishes the ferments required ; this preparation is 
said to be missing with coagulation necrosis. However, 
in softening of circulatory origin revivification arises 
not only from the surrounding tissue but from mesen- 
chymal and glial tissues within the focus ; one may 
assume that the nutritional supply is sufficient to main- 
tain the reactability of the supporting tissue. It has 
been observed often that the center of a large infarct 
fails to become revivified and undergoes coagulation 
necrosis while the periphery displays the usual soften- 
ing; in such cases there probabh' was an incomplete 
nutritional supply to the periphery, with total absence 


• of such supply to the center. That a focus with early 
features of softening breaks down later and undergoes 
coagulation necrosis is due most likely to eventual de- 
terioration of the nutritional supply. 

DISCUSSION 

Dr. F. Wertham, Jamaica, N. Y. : Were the lesions 
of coagulation necrosis which Dr. Neubuerger described 
acute, or does he know of prestages out of which they 
developed? 

Dr. Karl T. Neubuerger, Denver : The lesions were 
either primary, with subacute to chronic development, 
or, in some instances, secondary, arising from preceding 
early stages of customary softening; this is indicated 
bj' the presence of occasional groups of gitter cells 
within the foci. 

Lipoma in the Quadrigeminal Plate with Hydro- 
cephalus: Report "of a Case. Dr. Charles 
Davison. 

Lipoma of the central nervous system occurs chiefly 
in the region of the cisternal enlargements of the sub- 
arachnoid space and is closely attached to the meninges, 
the vessels or the nerves traversing the meninges. To 
date, about 80 cases of lipoma ‘of the central nervous 
system have been reported. The superior surface of the 
corpus callosum and the tuber cinereum are the most 
common sites. In 8 cases of lipoma, including the 
present case, the site was the region of the quadri- 
geminal plate and around the trochlear nerve. In 
none of these cases, except Taubner’s and mine, were 
symptoms noted. This neoplasm, which originates in 
the leptomeninges, a derivative' of the neural crest, may 
grow along the nerves and vessels into the brain or 
the cord tissue and simulate infiltrative growths or give 
the impression that it actually arises from the neural 
elements. Frequently it compresses and distorts the 
ndrve tissue. Most observers believe that the lipoblast 
which gives rise to the lipoma in the central nervous 
system originates from the mesenchyme, which, in turn, 
is a derivative of the ectoderm or the endoderm, arising 
apparently at the junction of these two germinal layers. 

report of a case 

A man aged 53, gainfully employed, had been born 
with a large head. A hopeless prognosis was made at 
birth. He did not attend school but was tutored up to 
the age of 14 years. 

Examination disclosed symmetric enlargement of the 
calvaria, which measured 75 cm. in circumference. 
The left pupil was slightb"- larger than the right. 
Ocular movements were normal except for defect in 
convergence of the left eye. Air and bone conduction 
were diminished in the right ear. There was slight 
hyperreflexia in the left lower extremity. He was 
euphoric. Intelligence was about average. Toward the 
end of life, his ability to remember faces and names 
was poor. 

At times he became noisy and complained of severe 
frontal headaches. During the last month there devel- 
oped a subnormal temperature, which on several occa- 
sions dropped to 94 or 95 F. It persisted for one month, 
until his death. 

Autopsy . — The lipoma extended from tlie inferior 
border of the superior colliculi to almost the lower 
limit pf the fourtli ventricle. The entire fourth neiwe 
had disappeared except for a few partially demyelinated 
fibers, some of which were embedded in the tumor. The 
aqueduct of Sylvius was constricted, distorted and dis- 
placed practically throughout its length. There was 
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severe generalized hydrocephalus.' The tumor wPS a * 
typical lipoma. 

DISCUSSION 

H. M. Zimmerman (MC), U.S.N.R. : I have observed 
3 cases of intracranial lipoma in my necropsy matC-rial. 
In 2 cases the lipoma, which was asymptomatic, was 
situated in the quadrigeminal plate and was not asso- 
ciated with hydrocephalus. Dr. Harvey Cushing 
mentioned the first of these cases in his book on menin- 
giomas. The third case was that of a lipoma in the 
region of the mamillary bodies. The tumor not only 
destroyed these structures but involved the mamillo- 
thalamic tracts. The patient had long-standing hyper- 
thermia, of several years. The clinical and anatomic 
observations in this case were reported in the symposium 
on the Hypothalamus {A. Research New. & Menf. .Dis., 
Proc. [1939] 20:824, 1940). 

Dr. F. Wertham, Jamaica, N. Y. : Were there 
\ipoTnas oi tVie skin in Tit. Tifevison’s easel It is wff 
impression that this lipoma is multiple, but from the 
data in reported cases I cannot draw a definite con- 
clusion. 

Dr. Charles Davison : In my case there were no 
lipomas of the skin. In some cases multiple lipomas 
were present in the central nervous system and in other 
parts of the body. 

Encephalitis Affecting the Basal Ganglia in 

Monkeys. Dr. Richard Richter, Chicago. * 

The observations presented concern the pathologic 
observations on 2 monkeys (Macaca mulatta) with acute 
encephalitis of unknown cause. One of the animals had 
been inoculated two months before with suspensions of 
brain tissue- from a patient who had died of chfonic 
encephalitis, and the other had been subjected four 
months previously to bilateral temporal lobectomy- It 
was concluded, nevertheless, because of the long Dtept 
intervals between the experimental procedure and the 
onset of the acute cerebral disease, as well as for other 
reasons, that the terminal encephalitis was not due to 
the experimental factor, but was spontaneous in origm. 

The principal lesions* which were of a necrotizing 
inflammatory type, were similar in the 2 animals and 
were strictly confined to the corpus striatum and tbe 
globus pallidus, but chiefly to the striatum. They were 
represented by bilateral focal, round areas of necrosis, 
sometimes confluent, which appeared, even grossly, as 
areas of “paling.” In them no ganglion cells remained, 
but only a pale, structureless ground substance, within 
which were degenerated pyknotic glial nuclei and rem- 
nants of thickened, swollen blood vessels. In none of 
the lesions were there any fat granule cells or other 
evidence of release of fat; the lesions were not soften- 
ings but were foci or coagulation necrosis. At the 
borders of many of these lesions there were prolifera- 
tion and hyperplasia of the neuroglia and perivascular 
and interstitial infiltrations of mesodermal inflammatory 
elements, in which polymorphonuclear leukocytes w’ere 
prominent. Scattered, diffuse inflammatory changes of 
the microglia, with rod cell formation, were also ob- 
serv’ed at a distance from the necrobiotic areas in the 
caudate nucleus, the lenticular nucleus and the thalamus. 
In 1 of the animals foci of encephalitis, chiefly micro- 
glial, were present in the cerebral and cerebellar cortex ; 
and in both monkeys there were inflammatory infiltra- 
tions of the meninges, slight in 1 animal but intense in 
the other. However, no destructive foci appeared in 
the cortex or elsewhere, except in the basal ganglia. 

Occurrence of lesions of this type, with this locali- 
zation, has not hitherto been reported in the mopkey. 


Indeed, there are surprisingly few descriptions of spon- 
taneous disease of the nervous system in primates. The 
reports that exist were reviewed briefly and the obser- 
vations compared with the material present. 

It is noteworthy that in 1 of these animals there 
developed rapid and extremely violent choreic move- 
ments which involved the trunk and the extremities, 
persisted for two days and then rapidly diminished. 
These were combined with severe ataxia, resembling 
that seen in Sydenham’s chorea. Perhaps the greatest 
interest of this material attaches to the association 
of the chorea and destruction restricted to the basal 
ganglia, particularly to the corpus striatum. This, of 
course, corresponds to the accepted and frequently ob- 
served association of striatal damage with human chorea, 
but hitherto such a correlation has not been clearly 
observed in animals. Attempts to reproduce amyostatic 
syndromes in primates and other animals by ablation 
of or injury to the corpus striatum have been singularly 
fruitless, and there has been general agreement among 
almost all investigators since Kinnier Wilson that 
lesions confined to the striatum, even when large, fail 
to evoke noteworthy symptoms. Recently Fulton and 
Kennard, after inflicting unilateral and bilateral damage 
on the striatum of many primates, concluded that such 
lesions had no visible effect on motor performance 
when the nervous system was otherwise intact. They 
did, however, succeed in producing chorea in chimpan- 
zees and monkeys in which ablation of cortical areas 
4 or 6 were combined with bilateral destruction of the 
striatum. The results of ablation experiments are thus 
corroborated and extended by these observations on 
spontaneous striatal disease in monkeys. The material 
demonstrates, in addition, that chorea may appear in 
the monkey in the presence of basal ganglion disease 
alone, with an otherwise intact nervous system. 

DISCUSSION 

Dr. a. Weil, Chicago : Bilaterally symmetric necrosis 
of the corpus striatum of a monkey, similar to that 
which Dr. JRichter demonstrated in his lantern slides, 
Avere produced by Crandall and Weil in a dog by liga- 
tion of the common bile ducts (Pathology of the Central 
Nervous System in Disease of the Liver, Arch. Neurol. 
& PsYCHiAT. 29:1066 [May] 1933). 

Were there any functional or histopathologic changes 
in the liver in this monkey? 

Dr. F. Wertham, Jamaica, N. Y. : I should like to 
ask Dr. Richter about the relation of the condition in 
his animals to the spontaneous diseases in monkeys 
described by Bodechtel and Scherer.. 

Dr. Richard Richter, Chicago: In answer to Dr. 
Wertham’s question, Bodechtel described a spontaneous 
disease in a monkey which was characterized by mild 
meningeal infiltrations, retrogressive changes in the 
ganglion cells and pronounced perivascular infiltration 
of lymphocytes and plasma cells, together with the glial 
reaction, which consisted especially in proliferation of 
rod cells. While these changes were qualitatively simi- 
lar in some respects to the lesions in my monkeys, the 
localization was quite different, since it was chiefly in 
the cortex and there was a little inflammatory reaction 
in the basal ganglia or elsewhere in the nervous system. 
A somewhat similar inflammatory condition appearing 
spontaneously in a larger group of monkeys Avas re- 
ported by van Bogaert and Scherer, in Avhich necrobiotic 
changes, combined Avith an intense glial and mesodermal 
inflammatory reaction, Avere present in the cerebral 
cortex, particularly that of the occipital lobes. This 
group of monkeys exhibited blindness, ataxia and con- 
ATulsions, and in none of them AA’as there any involve- 
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ment of the basal ganglia. In anotlier report Scherer 
described disseminated demyelinating lesions deep in the 
cerebral hemispheres and in the white matter of the 
spinal cord of monkeys which became ill in epidemic 
fashions. The disease in these animals had nothing in 
common with the condition which I have described. 

In answer to Dr. Weil’s question, the liver of the 
first monkey presented no noteworthy changes on micro- 
scopic examination. There was no opportunity to study 
the liver of the second animal. 

Histologic Changes in a Case of Paramyoclonus 
Multiplex. Dr. George B. Hassin, Chicago, and 
Dr. Richard Kepker, Honolulu, Hawaii (by invi- 
tation).- 

Pathologic observations in cases of motor restlessness, 
described in 1881 by Friedreich as paramyoclonus multi- 
plex, are rare, while the cause and localization of the 
lightning-like muscular contractions, usually devoid of 
synchronism and symmetrj'^, are on the whole not known. 
They have. been looked for in vain in the central and 
peripheral nervous sj’'stems and in the muscles them- 
selves. More successful were studies on the type of 
paramyoclonus which is associated with epilepsy — the 
so-called epileptic myoclonia, or myoclonus epilepsy. In 
cases of this form, cerebral changes have been demon- 
strated in tlie nerve cells in the form of cytoplasmic 
inclusions, so well described recently by Rerraro and 
Roisin (/. Neuropath. & Expcr. Neurol. 1:297, 1942). 
Unfortunately, the muscles were not studied by these 
investigators. 

A generous supply of muscle tissue was obtained for 
biopsy from an elderly psychotic woman who for years 
had been an inmate of the Territorial Hospital in Hono- 


lulu. For about ten years she had exhibited involuntary 
contractions in various muscles of the upper and lower 
extremities and the neck. The contractions would dis- 
appear for tivo or three months and then recur with 
the same vigor. The specimens of muscle, which were 
stained with hematoxylin and eosin and by Van Gieson’s 
method, exhibited for the most part normal muscle 
fibers, of normal size and possessing normal striations. 
In some muscles the Cohnheim fields were disrupted, 
and vacuoles were present, while the sarcolemma, the 
endomysium' and the walls of the blood vessels showed 
nuclear hyperplasia. In general, the parenchymatous 
changes, though present, were mild and were much less 
in evidence than the mesodermal changes. Neither type 
of lesion, however, was commensurate with the severity 
of the clinical manifestations and differed greatly from 
the lesions seen in cases of Landry’s- paralysis, amyo- 
tonia congenita and progressive muscular dystrophy. 
They were probably secondary to, or the result of, 
muscular hyperactivity of many years’ duration. Mus- 
cular hyperactivity may result, for instance, in hyper- 
trophy of the muscle fibers, as was stated by Ramsay 
Hunt in 1903. In a subsequent contribution, however, 
he expressed the opinion that the hypertrophy was the 
result of hyperactivity, that is, was secondary. The 
causative process of paramyoclonus multiplex is thus 
most likely a lesion in the central nervous system, such 
as produces the epileptic myoclonia of Unverricht 
and Lundborg. The Friedreich and the Unverricht- 
Lundborg type are evidently one disease process, a pecu- 
liar form of epilepsy, of which the Friedreich type is 
the incomplete form. Electroencephalographic and other 
studies would be of great interest in the investigation 
of these two forms of paramyoclonus multiplex, as well 
as of a third form, classified as hysterical. 
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Symptoms of Visceral Disease: A Study of the 
Vegetative Nervous System in Its Relationship 
to Clinical Medicine. By Francis Marion Pot- 
tenger, A.M., M.D., LL.D., F.A.C.P. Sixth edition. 
Doth. Price, $5. Pp. 442, with 87 illustrations in 
text and 10 color plates. St. Louis : C. V. Alosby 
Company, 1944. 

y 

The subtitle of Pottenger’s book is its best description. 
It is concerned with psychosomatic medicine in the 
strict sense. The author’s background — he is a specialist 
in diseases of the chest — led him to the subject in an 
attempt to discover why one disease causes different 
symptoms in different patients. He finds much of the 
answer in analysis of the many factors involved in pro- 
duction of s}'mptoms. These factors include a multi- 
plicity of visceral reflexes with individual thresholds, 
relative sympathicotonia and parasympathicotonia, ionic 
intracellular differences and hypersensitivity phenomena. 
The principal emphasis is placed on the vegetative ner- 
vous system, which determines the division of the book 
into four parts : the introduction ; the vegetative nervous 
system ; its relationship to symptoms of visceral disease ; 
and the innervation of important viscera, with the study 
of viscerogenic reflexes. 

Pottenger’s point of view is Unitarian : His orientation 
is to the patient rather than to the disease. That he 
has succeeded in his chief goals is attested by the fact 
that the present edition is the sixth; on the other hand, 
one wishes that he might have incorporated more new 
material. 

The content, which is factual and detailed, does not 
allow for easy reading. For subsequent editions one 
would suggest summaries at chapter ends wherever 
possible. There is a dearth of newer references in the. 
anatomic and physiologic sections, with few, if any, later 
than 1937; the great majority are far earlier. 

The book is of unquestionable value to the internist, 
as well as to the neurologist and the psychiatrist. It 
covers a field too often neglected by persons who should 
be most familiar with it. The book is highly recom- 
mended. 

An Introduction to Physical Methods of Treat- 
ment in Psychiatry. By William Sargant and 
Eliot Slater. Price, 8s, 6d. Pp. 171. Edinburgh: 
E, and S. Livingstone, Ltd., 1944. 

This book, according to the authors, was written 
primarily for the student, the young psychiatric clinician, 
the general practitioner and the psychiatric nurse. The 
central aim is to present certain of the physical thera- 
peutic methods used in psychiatry with regard to indi- 
cations, technics, advantages, disadvantages and results. 
Under discussion are the various insulin technics, metra- 
zol and electric convulsion therapy, the drugs used in 
treatment of epilepsy, the various sedative and stimulant 
drugs, the role of diet, vitamins and endocrine prepara- 


tions, the malarial treatment of dementia paralytica, and, 
finally, prefrontal leukotomy. All this material is 
handled objectively, and, while the tone in general is 
perhaps slightly optimistic, no glowing claims are made 
for any one procedure. 

The chief discussion and criticism of the book will 
probably come in relation to the emphasis on the so- 
called constitutional approach. This is expounded in 
the “Introduction,” which is preceded by the following 
quotation from Henry Maudsley, dated 1870. “The ob- 
servation and classification of mental disorders have 
been so exclusively psychological that we have not sin- 
cerely' realized the fatt that they illustrate the same 
pathological principles as other diseases, are produced 
in the same way, and must be investigated in the same 
spirit of positive research. Until this be done, I see no 
hope of improvement in our knowledge of them, and 
no use in multiplying books about them.” 

While the authors in general ascribe to the concept 
of multicauses, the psychosomatic approach, treatment 
of the patient as a whole, etc., they lay great emphasis 
on the so-called genetic potentiality, with the omnipo- 
tent genes exerting their specific effects at different 
developmental periods. Thus, “Inherited tendencies to 
dementia praecox, involutional melancholia, and to senile 
dementia lie hidden through the years to manifest them- 
selves in due course when the appropriate time comes.” 
Similar tendencies to anxiety, worry, obsessional think- 
ing and hysterical phenomena are described. 

The authors, further, are of the school that believes 
that everything can, and eventually must, be explained 
in physiologic terms. Psychologic differences are, there- 
fore, finally to be explained in terms of altered physi- 
ologic function. 

The book would seem to be of value in relation to its 
objective presentation, in a brief volume, of a set of 
physical therapeutic methods in psychiatry. Its theoretic 
aspects are dogmatically stated- with a goal of simplicity, 
and at the usual cost. 

Spina Bifida and Cranium Bifidum. By Franc 
Ingraham. Pp. 216, with illustrations. Cambridge, 
Mass.: Harvard University Press, 1944. 

This is a bound collection of five reprints which 
appeared in the New England Journal of Medicine. It 
gives an account of the numerous cases of meningocele, 
spina bifida and allied conditions which have been ob- 
served at the Children’s Hospital over many years, 
analyzed in modern terms. The author’s operative 
methods, indications and results are presented. 

Particularly interesting is the description of a series 
of 20 cases of the Arnold-Chiari malformation. The 
author recommends operation in cases in which the 
general neurologic condition is good, though he is not 
optimistic as to the results. 

All in all, the papers present a creditable report on 
a long term investigation, w'hich is still in progress. 


256 



Archives of Neurolog y and Psychiatry 

Volume S3 APRIL 1945 ; Number 4 

Copyright, 1945, by the Amrricak Medical Association 


STUDIES ON PAIN 

“spread of pain” ; evidence on site of spread within the neuraxis of 

EFFECTS OF PAINFUL STIMULATION 
BRONSON S. RAY, M.D., and HAROLD G. WOLFF, M.D. 


NEW 

The crossed extension reflex shows that 
noxious stimuli can cause a spread of excitation 
that involves adjacent segments on the same and 
on the opposite side of the cord. Further, it has 
been suspected from the spread of deep pain from 
visceral disease that similar spread of excitation 
involving adjacent segments of the cord might 
occur. However, as far as can be ascertained, it 
has never been demonstrated that such spread 
involving sensation occurs at the segmental, 
rather than at a suprasegmental, level.^ 

The following data are evidence as to the site 
of occurrence in the neuraxis of the spread of 
excitatory processes from deep painful stimula- 
tion of high intensity. 

CLINICAL DATA 

F, W., a lawyer aged 48, had been found in 1940 
to have a papilloma of the bladder, causing hematuria. 
The lesion Was treated endoscopically by fulguration. 
With a recurrence of symptoms, he was admitted for 
the first time to the New York Hospital on March 20, 
1944, where Dr. Allister McLellan performed a biopsy 
and fulguration of a papilloma of' the bladder (pre- 
sumably recurrent). The pathologic report was that 
of a transitional cell carcinoma. Because of persistent 
hematuria a suprapubic resection of the bladder was 
performed by Dr. McLellan on April 4. 

Shortly after this operation the patient consulted Dr. 
Lewis Stevenson because of pain in the right hip and 
buttock, extending into the right lower limb as far as the 
foot. The limb also became progressively weaker, mak- 
ing weight bearing impossible. By July 1944 pain and 
weakness in the right buttock and ^e right lower lim 
were of such a degree that the patient was confined to 
bed and required occasional opiates. He did not complain 
of pain anywhere on the left side. The evidence indi- 
cated metastatic tumor involving the right hip joint 
and the right pelvic nerve plexus. 

Roentgenotherapy failed to reduce the intensity of 
the pain; therefore, on Aug. 21 a chordotomy (section 
of the ventrolateral portion of the cord) was per- 
formed by Dr. Ray at the first thoracic .segment on 
the left side only. 

From the New York Hospital and the Departments 
of Surgery, Medicine (Neurology) and Psychiatrj’-, 
Cornell University Medical College. 

1. Wolff, H. G. : Some Observations on Pain, in 
Harvey Lectures, 1943-1944, Lancaster, Pa., Science 
Press, 1944, pp. 39-95. 


YORK 

Examinafion on September 6 revealed that all pain 
sense (including deep pain perception) was lost below 
the nipple line on the right side to within 1 cm. of 
the midline. Temperature sense was lost in the same 
region. There was no demonstrable impairment of 
touch sense. The plantar responses were flexor in 
type, and there was no clonus. Sphincter function was 
normal. There was no sensory change on the left side. 

After the operation the patient was free of all pain 
on the right side, but under certain circumstances he 


RIGHT left 



Fig. 1. — Schematic representation of the pathways for 
the “spread of pain” within the spinal cord. A repre- 
sents primary sensory neuron, dorsal root ganglion; 
B, ascending branch of the sensory radicle, and C, 
descending branch of the sensory radicle. I is a col- 
lateral to the posterior horn of the nearest spinal seg- 
ment. This -connects with neuron J' which crosses to 
ascend in the opposite spinothalamic tract. 2 indicates 
collaterals to the adjacent segment, and 3 , collaterals 
to the posterior horn connecting with neuron 3 ', which 
forms part of the posterior commissure in crossing to 
the opposite posterior horn, where it arborizes to con- 
nect with neuron 3 " ; this, in turn, crosses back to ascend 
the cord in the spinothalamic tract on the side of 
entry of the noxious impulses. 

In patients F. W. and W. O. the spinothalamic tract 
was cut on the left side, and therefore the impulses 
from noxious stimulation ascended to the supraseg- 
mental structures only on the right side. 
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experienced pain in the left buttock and, to a lesser 
degree, in the' left heel. He reported that deep pres- 
sure over the trochanter and movement of the right 
hip induced pain on the left side. 

Examination on September 9 revealed that when the 
position of the right lower limb was changed so as to 
move the diseased right hip or when. heavy pressure was 
made over the trochanter of the right femur, the pa- 
tient complained of pain of moderate intensity in 
the region of the left hip and buttock. He placed the 
palm and extended fingers of his left hand over the 
lateral' portion of the left buttock to indicate the site 
and distribution of his pain. It was conceivable that 
moving the right limb stretched or displaced structures 
on the left side to produce pain. To resolve this doubt, 
the calf muscles on the right (diseased) side, far from 
the metastatic extensions, were vigorously squeezed in 
such manner as would produce intense deep pain in a 
normally innervated structure. No pain was experienced 
in the right calf, but a deep, aching pain was felt diffusely 
, up and down the left leg as high as the hip, especially 
in the calf and heel. Similarly, vigorously squeezing 
the muscles on the right flank induced a diffuse ache 
over the left flank and the left side of the abdomen. 



Fig. 2. — Schematic presentation of the analgesia and 
spread of pain in patient F. W. The stippled area 
shows tile area of analgesia following chordotomy on 
the left side, approximately at the first thoracic seg- 
ment. A, B and C are sites of noxious stimulation of 
high intensity on the analgesic side. A', B' and C' 
are the diffuse areas of pain of low intensity perceived 
when areas A, B and C -respectively were stimulated. 

The following observations were made, the most 
intense pain being graded as 10 plus: 

1. Deep pain of 6 to 8 plus intensity induced by 
compressing muscle in the left lower limb or on the 
left (normal) side of the abdomen did not induce pain 
anjivhere on the right side. 

2. Deep pain induced on the left (normal) side by 
movement of or deep pressure on the right (diseased) 
hip joint or 83' squeezing the right gastrocnemius 
muscle was onh- of 1 or 2 plus intensity and began 
about a half-secom' after the beginning of the noxious 
stimulation. The pain was diffuse, poorly localized 


and widespread. Also, it outlasted the period of stimu- 
lation by about half a second. 

3. Stimulation, such as gentle rubbing of or pressure 
on the skin of the right (diseased) leg produced no 
pain on the left side. Only on deep noxious stimula- 
tion of the right (diseased) leg was pain perceived on 
the left side. 

4. Noxious stimulation of the right leg and thigh 
(diseased side) by repeated pinprick did not induce 
pain sensation on either the right or the left side. The 
effects of noxious stimulation in producing burning 
sensation were not tested. 

5. Noxious stimulation of .low intensity, of the right 
(diseased) leg did not induce pain on the left side. 

Comment . — The deep pain induced on the left 
side through movement of the diseased right hip 
did not result from secondary • contractions of 
muscles of the left leg or buttock. With noxious 
stimulation of the nondiseased parts of the right 
leg, such as the gastrocnemius muscle, or the 
muscles of the abdomen and flank, pain was also 
experienced in corresponding areas on the left 
side. 

Non-noxious stimulation of shorter or longer 
duration, such as gentle rubbing of or pressure on • 
the skin and muscle of the right (diseased) leg 
produced no pain on the left side. Therefore the 
perception of deep pain in the left (normal) limb 
from noxious stimulation of the right limb could 
not have been due to the facilitating effects of 
non-noxious stimulation from the right side en- 
hancing the perception of subthreshold noxious 
stimuli from the left side. 

From a study of the following case similar 
observations on deep pain 3vere made; in addi- 
tion, it was possible to obtain data on cutaneous 
pain. 

W. O., a linotype operator aged 41, was first ad- 
mitted to the New York Hospital in April 1943, com- 
plaining of pain in the left side of his face and neck 
of about seven years’ duration. Surgical exploration 
revealed a cholesteatoma at the base of the skull and 
in the region of the foramen magnum; the growth was 
removed. At the time of operation a small amount 
of the cholesterol crystal contents of the tumor escaped 
into the subarachnoid space. 

The first of a series of readmissions to the hospital 
was in July 1943. The patient complained of almost 
continuous burning and aching pain in the sacrum and 
buttocks, which radiated down the posterior and lateral 
aspects of the thighs and legs into the ankles and toes. 
The pain during the ensuing 3'ear Became worse on 
the right side than on the left. An exploratory lami- 
nectomy, in August 1943, had revealed radiculitis and 
arachnoiditis in the region of the cauda equina asso- 
ciated with aseptic meningitis. As a result of intra- 
thecal injections of alcohol the patient had cutaneous 
hypalgesia of the foot and lower part of the leg on 
the right side. 

B3'' October 1944 the pain in the right leg’ had be- 
come unbearable and intractable, and a chordotomy at 
the first thoracic level, with section of the ventrolateral 
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region of the cord on the left side, was performed by 
Dr. Ray. After operation there was a defect in pain 
and temperature perception on the right side as high as 
the third thoracic segment, the site being slightly higher 
for temperature and slightly lower for pinprick. The 
patient felt no more spontaneous pain in his right leg, 
nor did he perceive pinprick, deep pain or heat or cold 
in this leg. However, when the gastrocnemius muscle 
was vigorously squeezed on the right (analgesic) side, 
he felt a diffuse, aching pain on the medial aspect of 
the thigh adjacent to the scrotum on the left (control) 
side. A metal tube containing hot water at a v tem- 
perature of 80 to 90 C. applied to the skin just above 
the right knee was felt as burning pain in the left 
groin (control side). Also, heat applied to the right 
(analgesic) side of the abdomen was felt as burning 
pain on the left (control) side of the abdomen. The 
intensity and duration of stimulation necessary to pro- 
duce this phenomenon were sufficiently great to result 
in diffuse reddening of the skin at the site of appli- 
cation. . 

Ice. when pressed against the skin for thirty to 
si>cty seconds in the same areas, similarlj'- induced on 
the left side a sensation of “burning” cold. All forms 
of noxious stimulation when applied to the left, or 
control, side elicited pain more promptly and of greater 



Fig. 3. — Schematic presentation of the analgesia and 
spread of pain in patient W. O. The stippled area 
shows the area of analgesia following chordotomy on 
the left side, approximately at the first thoracic level. 
A and C are sites of noxious stimulation of high 
intensity with heat (80 to 90 C.) on the analgesic side; 
A' and C are the diffuse areas of burning pain of low 
intensity perceived when areas A and C respectively 
were stimulated; B and D are sites of noxious stimu- 
lation of high intensity with vigorous squeezing of 
muscle on the analgesic side, and B' and D' are the 
diffuse areas of aching pain of low intensity perceived 
when areas B and D respectively were stimulated. 

intensity than when applied to the right side and were 
identical in time and intensity with that described for 
F. W. Stimuli from warm and cold tubes at tempera- 
tures of 45 to 50 and 15 to 20 C. respectively, and 


from pinprick on the right (analgesic) side were not 
perceived on the left (control) side. Application of 
intense heat below the right knee produced no sensa- 
tion on the left (control) side. About one week after 
the chordotomj' the pain on the left side, which had 
been minimal at the time of admission, became pro- 
gressively more intense. 

Comment . — These considerations support the 
contention that excitation from noxious stimula- 
tion of high intensity spreads at the segmental 
level ill the spinal cord. There it gives rise to 
effects which involve neurons in adjacent seg- 
ments, as well as neurons that connect with the 
opposite side of the cord. Impulses are then con- 
veyed headward through the intact spinothalamic 
tract and ultimately result in pain sensation. 

, The spread of pain after unilateral chordotomy 
froni the diseased side to the side with normal 
sensation has been noted before in this clinic, but 
demonstration of the nature of this spread has 
been unsatisfactor}'^ because of the complicated 
illnesses of the patients in whom it was seen. 
Observations closely resembling those on F. W. 
and W. O. have been made on 2 other patients, 
but the patients whose cases are described here 
were especially asfute and cooperative witnesses. 

INTERSEGMENTAL AND INTRASEGMENTAL 

connections; postulated pathways 

FOR “spread of pain” 

Many collaterals of the sensory radicals con- 
ducting impulses from noxious stimuli, after 
entering the cord, terminate in the gray matter 
of the posterior horn close to the point of entry 
and come into synaptic relation with, neurons 
the axons of which cross in the anterior com- 
missure and ascend in the spinothalamic tract on 
the opposite side of the chord. Collaterals arising 
from the ascending branches of the sensory radi- 
cles connect with neurons in the substance of 
Rolando, other parts of the posterior horn and 
the central and intermediate gray matter. They 
terminate in the gray matter of segments of the 
cord adjacent to those of their entry.” 

Furthermore, arising from the ascending and 
descending branches of the sensory radicle is 
another important group of collaterals. These 
collaterals establish synaptic relations in the 
dorsal horn with internuncial neurons the axons 
of which form the most dorsal part of the pos- 
terior commissure. At their terminations these 
axons ramify about cells in the dorsal horn on 
the opposite side of the cord. It may be accepted 
as a general principle that the collaterals of sen- 
sory radicles do not cross directly to the opposite 

2. Ramon y Cajal, S. : Histology, Baltimore, Wil- 
liam Wood & Company, 1933. 
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side of the cord.^ The two sides are connected by 
means of internuncial neurons. Such internuncial 
chains supplement the shortest path for noxious 
stimuli to the suprasegmental structure. More- 
over, if there is sufficient background of facilita- 
tion, together with sufficient intensity of stimula- 
tion, these less direct internuncial chains un- 
doubtedly become passable.'^ 

It is postulated from the observations on pa- 
tients that there is a spread of excitation from the 
primary sensor}'- neurons and their collaterals so 
as to involve ( 1 ) neurons in the segments of the 
cord of their entry and in adjacent segments that 
cross to the opposite side and ascend the cord in 
the spinothalamic tract, and (2) internuncial 
neurons that cross in the posterior commissure 
to stimulate neurons on the opposite side of the 
cord. The latter cross back to ascend the cord in 
the spinothalamic tract on the same side as the 
entering noxious impulses. - 

Each additional synapse introduced by inter- 
nuncial neurons increases the resistance to the 
spread of excitation. Hence, it is conceivable 
that one or more intercalated neurons necessary 
for the passage of impulses from the side of entry 
to the otlier side of the cord introduce resistance 
which makes high intensity of noxious stimula- 
tion necessary for the spread of pain to the oppo- 
. site side of the body. 

Patient W. O. experienced pain before chor- 
dotomy from roots giving rise to both deep (ach- 
ing) and superficial (burning) pain. These pains 
were far more intense on the right side but were 
present to a minimal degree on the left. After 
chordotomy burning and aching pains became 
more intense on the left side. 

Before chordotomy patient F. W. experienced 
deep pain originating in the right, or abnormal, 
lower limb, but this was not associated with pain 
on the left, or normal, side. Several possible ex- 
planations suggest themselves: (1) The pain 
from the diseased (right) side was of such high 
intensity that the patient failed to perceive lesser 
pain on the opposite side; (2) section of the ven- 
trolateral part of the cord on the left side, by 
removing suprasegmental inhibitory systems, 
altered the excitability of neurons in the cor’d 
and facilitated transmission at heretofore resistant 
synapses, and (3) spread of afferent impulses to 
the opposite side of the cord occurred as much 
before as after section of the spinothalamic tract, 
but with both spinothalamic pathways in opera- 

3. Lorente de No, R. : Personal communication to 
the authors. 

4. Lorente de No, R. ; Analysis of the Activity of 
the Chains of Internuncial Neurons, J. Neurophysiol. 
1:207 (May) 1938. 


tion there. was interference with further trans- 
mission, which prevented these impulses from 
giving rise to sensation. 

GENERAL COMMENT 

Instances of spread of pain from deep noxious 
stimulation have been described and discussed 
elsewhere.® Suffice it to say here that this 
phenomenon results from spread of excitation 
within the cord, that such spread of excitation is 
mainly on the side of primary noxious stimula- 
tion, that direction of spread is somewhat more 
cephalad than caudal and that it does not equally 
involve all segments over which it spreads. Also, 
when the 'intensity of noxious stimulation is 
great, the opposite side may become involved. 

From ■ experimental evidence reported else- 
where ^ it has been inferred that surface “hyper- 
algesia” associated with deep noxious stimula- 
tion and pain, and perhaps some types of deep 
“hyperalgesia,” result from reenforcement occur- 
ring within the cerebral cortex. 

It is suggested therefore (1) that “hyper- 
algesia” and “hyperesthesia” associated with deep 
pain result from a modification within the cere- 
bral cortex of the normal threshold surface im- 
pulses so that they seemingly are more intense 
and of longer duration; (2) that localization, 
true and false, involves conditioning or previous 
experience, and therefore functions of the cere- 
bral cortex, and (3) that phenomena referable 
to segments of the cord account for the spread 
of the sensory and the motor effects associated 
with cutaneous burning, noxious impulses and 
pain of visceral origin. 

THERAPEUTIC IMPLICATIONS 

When a patient with intractable unilateral pain 
of high intensity is subjected to unilateral chor- 
dotomy the possibility exists that after the opera- 
tion he will experience pain on the heretofore 
normal side. Unilateral chordotomy carries with 
it less hazard of serious damage to the cord than 
bilateral chordotomy; there is less likelihood of 
impairment of sphincter control, and, in the case 
of high cervical chordotomy, less danger to the 
respiratory mechanism is involved. For the relief 
of unilateral pain of low or moderate intensity by 

S. McAuliffe, G. W. ; Goodell, H., and Wolff, H. G. : 
E.xperimental Studies on Headache : Pain from the 
Nasal and Paranasal Structures, A. Research Nerv. 
& Ment. Dis., Proc. (1942) 23:185, 1943. McLellan, 
A. M., and Goodell, H. : Pain from the Bladder, Ureter 
and Kidney Pelvis, ibid. 23:252, 1943. Kunkle^ E. C. : 
Goodell, H., and Wolff, H. G. ; Observations on the 
“Ice Cream” Headache, unpublished data; cited by 
Wolff.i 
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chordotomy unilateral section is adequate and 
preferable, but for the relief of unilateral pain of 
high intensity bilateral section is superior to the 
unilateral operation. 

SUMMARY AND CONCLUSIONS 

Patients u'ith hemianalgesia following high 
thoracic section of the ventrolateral portion of the 
cord on one side perceived pain on the normally 
innervated side of the body when the analgesic 
side was noxiously and intensely stimulated. Pain 
was not perceived on the analgesic side when the 
normally innervated side was noxiously stimu- 
lated. 

It is inferred from these observation? that the 
spread of pain of high intensity from one part 
of the body to adjacent regions on the same side 


and on the opposite side is a sequel of the spread 
of excitatory processes within the neural seg- 
ments of the cord. Such spread of excitation via 
the neurons in the dorsal horns and the associa- 
tion pathways then incites inipulses on the same 
and on the opposite side of the cord, some of 
which ascend the spinal cord to the supraseg- 
mental structures, where neural function is ulti- 
mately expressed in the perception of pain. In 
short, the postulated spread of excitatory proc- 
esses associated with pain of high intensity pri- 
marily involves the segmental structures, al- 
though secondarily the suprasegmental structures 
are implicated in perception, localization and 
reaction. 

New York Hospital. 



EDEMA AND TROPHIC DISTURBANCES OF THE LOWER EXTREMITIES 

COMPLICATING PREFRONTAL LOBOTOMY 

LLOYD H. ZIEGLER, M.D.,t and CARROLL W. OSGOOD, M.D. 
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Since April I, 1942, 19 patients of the Mil- 
waukee Sanitarium have had bilateral prefrontal 
lobotomies. All operations were done by two 
skilled and experienced neurosurgeons, who 
used the lateral approach described by Freeman 
and Wattsd Two of the older patients died of 
pneumonia while convalescing from the opera- 
tion. Still another had acute collapse of a lung 
soon after the lobotomy but recovered. The 
very first patient to undergo the operation has 
since had one convulsion, but is regularly em- 
ployed. None of the others, to our knowledge, 
has had convulsions. Immediately after opera- 
tion all had rectal and vesical incontinence. Ten 
of the 17 survivors continue to have occasional 
sphincter accidents. One patient had a short, 
but intense, bout of diabetes insipidus during 
recovery from the procedure, but the complica- 
tion was quickly controlled with posterior 
pituitary injection U. S. P. 

In, the course of our postoperative observa- 
tions on these 17 patients,' S have presented 
complications referable to the legs and feet. Six 
have had bilateral edema, in 4 of whom the 
edema was associated with tenderness. In 2 
patients a tendency to edema of the feet and legs 
existed before the operation but was much aggra- 
vated after it ; moreover, in these 2 patients 
bullae developed about the heels at points most 
vulnerable to pressure. After the operation 1 
patient observed that her feet were swollen and 
required shoes a size larger. In another patient 
bullae developed on the heels but there was no 
edema. 

It would seem that the incidence of these com- 
plications was greater than could be accounted 
for by mere chance.. However, because the dis- 
turbances are usually mild and tend to pass 
away within a few months, they have doubtless 
often been overlooked. In a recent extensive 
review of the international literature on psycho- 
surgery, Walker " did not report an)’' cases of 

From the Milwaukee Sanitarium. 

t Dr. Ziegler died on Jan. 8, 1945. 

1. Freeman, W., and Watts, J. W. : Psychosurgery, 
Springfield, 111., Charles C Thomas, Publisher, 1942. 

2. Walker, E. A. : Psychosurgery : Collective Re- 
view, Internat. Abstr. Surg. 78:1-11. 1944. 


such complications. Freeman and Watts, in 
their many publications in this field, apparently 
have not discussed them. 

Edema of the lower extremities is not particu- 
larly unusual among patfents with mental dis- 
orders. It is more likely to be found in per- 
sons who are inactive, remaining in one position 
for long periods. It is not uncommon in elderly 
patients. We have also seen edema of the legs 
in men and women with mental disorders who 
were normally active and in Avhom it was indeed 
difficult to determine the cause. Obregia and 
associates ^ and de Giacomo discussed some 
aspects of this subject. 

For the most part, the patients in the present 
study were too ill to cooperate adequately in 
neurologic examination. There is much that one 
would like to know about some of them, espe- 
cially whether the sensory system was disturbed. 
On April 1, 1944 Kindwall and Cleveland ® 
completed a follow-up study on 15 of the sur- 
viving patients and have described elsewhere in 
detail the clinical effects of the operation. Some 
essential facts about the 8 patients with compli- 
cations involving the lower extremities are given 
in the following clinical sketches. These cases 
are presented in the order of severity of the 
sequelae, complications in case 1 being the 
most disabling and distressing and those in 
case 8 the least so. 

REPORT OF CASES 

Case 1. — F. M., a woman aged 53, who was divorced, 
had been a musician. She had progressed in school to 
junior college. Since ‘the age of 20 she had been 
mentally ill more than half the time and had been in 
sanatoriums continuously since the age of 34. In 1929 
she w’as examined at the Mayo Clinic, where, in addi- 
tion to the psychosis, she was observed to have edema 
and cj'anosis of the hands. Her psychosis had two 


3 Obregia, A.; Dimolescu, A., and Sulica, AI.. 
Physiopathogenesis of Acrosyndromes in Psychopathic 
Patiepts, Cluj. med. 15:265-268 (May 1) 1934. 

4. de Giacomo, U. : Su significanto di manifestazioni 
edematose osservate in olienati degenti negli ospedali 
psichiatrici, Riv. sper. di freniat, 61:1090-1094 (Dec. 
31) 1937. 

5. Kindwall, J. A., and Cleveland, D. : Prefrontal 
Lobotomy : Fifteen Patients Before and After Oper- 
ation, Am. J. Psychiat., to be published. 



ZIEGLER-OSGOOD—PREFRONTAL LOBOTOMY . 


263 


phases, which lasted a few days each and alternated 
more or less re^larly. In one phase she was impulsive 
and yelled loudly, was profane, and sometimes obscene, 
and her remarks were critical and sneering. In the 
other phase she was fearful, acted as though halluci- 
nated and withdrew entirely from others but was quiet. 
She did little work with her hands but read news- 
papers and listened to music ovbr the radio. She had 
been given no shock therapy. Except for slight edema 
of the feet, physical and laboratory examinations re- 
vealed essentiall}' a normal condition, and she had good 
control of the sphincters at all times. Her gait was 
normal. 

Prefrontal lobotomy was performed on Sept. 19, 1943, 
and the cut was extended the following day. Pro- 
nounced incontinence of the bladder and rectum followed, 
and she has continued to soil herself occasionally since. 
Soon after the operation pronounced edema was ob- 



Fig. 1. — F. M.’s extremities as of May 1, 1944, more 
than seven months after lobotomy, when the edema had 
largely subsided, the ulcers on the heels had healed and 
she was Beginning to walk, with help. 

served in her lower extremities, extending nearly to 
the knees. The edematous areas were dry, pale and 
warm and did not pit easily; her feet were extremely 
tender. Soon after large bullae appeared on the backs 
of her heels, seemingly the result of pressure. Despite 
every precaution, such as elevation of the feet and 
relief from pressure, the bullae broke down and the 
resultant ulcers healed slowly; they resembled trophic 
ulcers in every way. Her toes assumed awkward 
positions and underwent rhythmic movements of an 
athetoid nature. For eight months she refused to walk 
and screamed whenever her legs or feet were touched. 
The edema and tenderness gradually subsided* and the 
ulcers healed. The accompanying photograph, taken 
May I, 1944, shows the greatly improved condition of 
the extremities. On that date the ankle jerk was 
elicited, but not the knee jerk. Sensation seemed 


intact. The feet continued to be tender. Since May 1 
she has been walking some and worn shoes. The 
psychosis has changed somewhat, but on the whole she 
has not improved. She remains in the sanatorium. 

Case 2. — E. S., a very large man aged 44, married, 
had never had a regular occupation. He reached about 
the third year in college. At the age of 28 he began 
to have erratic and unstable behavior and was probably 
hallucinated. Since then he has been in many sana- 
toriums. He has expressed delusions, and occasionally 
what the “voices” have told him has sent him into a 
rage. He stared, held fixed positions and masturbated 
excessively. A course of insulin shock produced only 
temporary improvement. Slight edema of the feet and 
ankles had been present prior to the operation. At 
times he had soiled himself w'ith urine. Some tremor 
of the thumb and the index finger had been noted. 
Except for these disturbances, physical and laboratory 
examinations revealed an essentially' normal .condition. 

Lobotomy was performed on Jan. II, 1944 and was 
completed four days later. After the operation the 
patient had an acute collapse of the lung. Marked in- 
continence appeared immediately, and he has continued 
to soil himself occasionally since. Soon after .the opera- 
tion pronounced edema of the lower extremities was' 
observed. The edematous areas were pale, warm and 
dry, did not pit easily .and were not fender. Within 
three weeks after the operation small bullae, seemingly 
due to pressure, appeared on the heels; they persisted 
from One to two months but did not ulcerate. Except 
for sluggishness, he walked without difficulty. After 
operation he showed a grasping reflex in both, hands,' 
which persists in mild form. The tendon reflexes were 
present. A Babinski sign was occasionally elicited in 
the left foot. The tremor persisted. Sensation appeared 
to be intact. 

At the time of writing, seven months after lobotomy, 
the edema of his feet persists. He speaks only an-, 
occasional word but smiles at jokes and seems relaxed; ' 
Initiative is returning slowly. There • have 'been no 
angry outbursts at the “voices,” but he has admitted 
hearing them. He remains in the sanatorium. 

Case 3. — ^R. M. R., a teacher aged 48, single, was 
graduated from college with Phi Beta Kappa honors, 
in early girlhood she became a worrier. Soon after 
the death of her father, when she was 35, she began to 
accuse herself of many things that were untrue. She 
worried over an unconsummated love affair and had 
fears which she could not understand. Since that time 
she has been in one sanatorium after another. Her 
spells of worry . gave way to long periods of silence 
and uncommunicativeness, during which she stared and 
smiled; these spells were interrupted by short periods 
of excitement, in which she talked' and listened to voices. 
In these excitements she was often noisy and some- 
times combative, talked in an abusive, profane, surly 
manner and appeared on the point of frenzy. • At the 
age of 41 she had edema of the ankles, which a salt- 
free diet dispelled. A full course of insulin shock 
therapy caused a gain in weight but gave only transi- 
tory improvement. At night she occasionally soiled 
herself with urine. Physical and laboratory examina- 
tions revealed an essential]}’- normal condition. 

Lobotomy was performed on Feb. 7, 1944, and the 
section was extended on March 9, 1944. Immediately 
after the first operation the patient was incontinent, 
and this has persisted, with occasional recurrences. ; 
Soon after the operation her left hand was observed 
to be edematous; this was attributed to intravenous 
medication or to her lying on it. Several weeks after 
the operation her feet were observed to be edematous, 
the left being merp affected than the right The 
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edematous areas were pale, dry and warm and pitted 
easily. At present her feet are very tender to pin- 
prick or tickle. She limps a little on her left foot. In 
a neurologic examination, done on July 1, 1944, a slight 
grasping reflex was observed in both hands. She did 
not use the left hand as well as the right and did not 
swing her left arm much in walking, although muscular 
power in it appeared to be normal. The knee and 
ankle jerks were present. There were no signs of 
lesions of the pyramidal tract. The tissues of the left 
hand and forearm had a different texture from those 
of the right, feeling slightly more indurated. 

The edema persists but responds to elevation of the 
extremities involved. The patient is still in the sana- 
torium in an inactive, quiet state, staring and smiling to 
herself. Unless provoked, she has no periods of excite- 
ment, and she adjusts herself better in a social group 
and requires less care. 

Case 4. — M. J., a single woman aged 32, a college 
graduate and a teacher of Romance languages, had an in- 
sidious onset of the illness at the age of 21. By the time 
she was 26 she had lost interest in her surroundings, 
was aloof, easil}' offended, expressed bizarre ideas and 
had a pronounced energy defect. She often smiled to 
herself and at times told of the voices she heard. She 
was sometimes angry and combative, and it became 
necessary to place her under custody in a state hospital. 
Insulin and metrazol shock treatment produced im- 
provement, which, however, did not endure. Her hands 
and feet were often cyanotic and cold. She had never 
soiled herself. Physical and laboratory examinations 
revealed pn essentially normal condition. 

Lobotomy was performed on Sept. 14, 1943. After 
the operation the patient had pronounced incontinence, 
which has since recurred at infrequent intervals. Soon 
after the operation her feet and legs, halfway to her 
knees, had a warm, pink edematous appearance, which 
lasted two to three months. During this time she 
walked as though her feet were tender and cried out in 
distress when slight pressure was applied to the ankles. 
Neurologic examination gave otherwise nornial objective 
results. 

Since the operation she is not aloof, laughs easily and 
is more sociable; however, at times she gets very angry. 
She must be urged to write letters or work in the occu- 
pational therapy room. She remains in the sanatorium. 

Case S. — F. L., a woman aged 42, had a private 
finishing school education. As a child she was “very 
good” but shy and tense. She married at the age of 23, 
had one child and was divorced several years later. At 
about the age of 30 she began to withdraw, even from 
her nearest relatives, and became careless about her 
personal appearance. At that time she expressed fears 
without being able to tell what made her afraid. 
Wherever she might be she would scream; in a store 
or restaurant she sometimes became disturbed and talked 
in a loud, accusing manner. At times she remained in 
bed all day. Before 1940 she had been in sanatoriums 
for brief periods; since that time she has been in an 
institution continuously. She stared, held fixed positions, 
smiled to herself and had occasional noisy outbursts of 
anger. She spoke little, was stilted in behavior and 
showed a pronounced energy defect. Full courses of in- 
sulin and metrazol shock therapy produced only transi- 
tory improvement. Although she sat about in fixed 
positions a great deal, she had no edema of the legs. 
. She soiled herself at times. Except for secondary' 
anemia and a moderate degree of undernourishment, 
physical examination and laboratory studies revealed an 
essentially normal condition. 

Lobotomy was done on Feb. 22, 1944. Severe bleeding 
was encountered. Soon after the operation diabetes 


insipidus appeared, and the patient drank several quart: 
of water a day; this condition was controlled witl 
posterior pituitary injection and has subsided. Immedi 
ately after the operation there was considerable incon 
tinence, which soon decreased in severity but has con 
tinued to occur at intervals. Soon after the operatioi 
the feet and legs were slightly edematous for abou 
three months and appeared dry, pale and tender. Aftei 
the operation the patient became more animated an( 
less completely preoccupied ; her behavior, however 
remains stilted. On the other hand, she does mon 
things without being urged, and there have been fewe; 
spontaneous outbursts of anger and irritability. Shi 
continues to live in the saiiatorium. 

Case 6. — K. M., a married woman aged 44, a higl 
school graduate, began to show personality changes at thi 
age of 40, when fatigue and depression caused her t( 
resort to the excessive use of alcohol. She describe( 
feelings of unreality and inertia. Electric shock ahvay: 
disptlled these feelings and produced a hypomanic state 
relapse, however, took place within a few weeks. In- 
sulin shock only caused a gain in weight. She had an 
old ankylosis of the left hip joint. At no time in her life 
had she had trouble with sphincter control. Aside from 
the ankylosis of the hip, physical examination and 
laboratory studies revealed an essentially normal con- 
dition. 

Lobotomy was performed on Nov. 3, 1943. Five 
days later the operation was extended. Incontinence 
largely subsided in one to two months but recurred 
occasionally for six months. Slight edema of the legs 
was observed soon after the operation; this disappeared 
within two to three montlis*and caused no distress. The 
results of neurologic examination were normal while 
the edema was present. After the operation the patient 
became mildly elated, but .not to such a degree as she 
had after electric shock therapy. She has retained this 
state and is getting on reasonably well at home save 
that, aside from pressure of speech, she lacks energy. 

Case 7. — ^V. R., a single woman aged 28, completed 
three years of high school and attempted to become a 
clerk; she tried other occupations, as well, but fatigue 
prevented sustained work. At the age of IS she began 
to be obsessed with her own tensions. She was jealous 
of her parents. Suicidal ideas were expressed many 
times. She often paced the floor at night saying, “I 
can’t stand it.” • She had had no trouble with sphincter 
control. There was evidence of old thrombophlebitis in 
the left leg. Electric shock treatment gave only tem- 
porary relief. Mild insulin shock therapy only caused 
her to gain weight. Except for the thrombophlebitis, 
physical examination and laboratory studies gave 
essentially normal results. 

Lobotomy was done on Jan. 28, 1944. Convalescence 
from operation was uneventful, and before the patient 
left the hospital the sphincters were under control. She 
wrote letters home three weeks after the operation. She 
noticed that her feet were swollen after the operation, 
and she was obliged to use shoes one size larger. Her 
feet were not tender. Neurologic examination gave 
normal objective results. She is now cheerful, easy- 
going and lacking in ambition but gets on at home with 
urging and guidance. 

Case 8. — G. E., a high school boy of 16, was said to 
have presented a difficult feeding problem in infancy 
and may have been born prematurely. At the age of 
14 he lost Jnterest in school and was unable to do simple 
chores at home. These disabilities increased. Later, 
he talked to himself, twirled a lock of his hair most of 
the day and repeated the same remarks many times. 
Even his mother called him “silly,” as he muttered in a 
low monotone, expressing bizarre ideas. Insulin and 
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electric shock treatments had little effect. He was un- 
dernourished, although he ate and slept well. Physical 
examination and laboratory studies revealed an other- 
wise normal condition. 

Lobotomy was done on Jan. 14. 1944. The patient 
regained complete control of his sphincters within a 
month after the operation. Some bullae appeared on 
his heels. Neurologic examination gave normal objec- 
tive results. He gained weight rapidly. At the time 
of this report his energy not only is greatly increased 
but is directed toward wdder interests. He is making 
mediocre progress in a boarding school and is happy. 
No evidence of a psychosis is apparent. 

The word “edema” derives from the Greek 
word olhrjiia, whicli means “swelling.” It has 
come to have a special connotation, implying 
swelling due to excess water or fluid in the 
spaces between the tissue cells. In this it differs 
from the Latin word “tumor,” which also means 
“swelling,” but implies an overgrowth of tissue. 

The simplest mechanism for the production 
of edema is a direct trauma to the tissues. Gen- 
eralized edema is seen in the acute stages of 
infection, such as trichinosis. When the globu- 
lin-albumin ratio of the blood serum becomes 
too disordered, .edema is likely to result. 
Damaged kidneys may be rendered unable to 
prevent albumin from passing into the urine; 
this favors the production of edema. Partial 
or complete circulatory obstruction, such as may 
occur in the veins of the leg, produces edema. 
Edema occurs also with cardiac failure, but 
not in every case. It is often seen after serious 
damage to the liver. Edema may be found in 
association with general starvation (cachexia) 
and is one of the commonest symptoms of vita- 
min B deficiency, as manifested in beriberi. 
Mild edema is seen at times with other forms 
of peripheral neuritis. A peculiar type of edema, 
which is called myxedema, appears in some pa- 
tients with hypothyroidism. Lymphatic obstruc- 
tion, too, causes an unusual type of edema known 
as lymphedema, commonly seen with elephan- 
tiasis. Although Quincke,® in 1882, and others 
before him, had described acute circumscribed 
edema, Striibing,^ in 1885, first gave it the name 
angioneuritic edema, thus implying its relation 
to the nervous system and the blood vessels. 
Osier ® first pointed out the hereditary ten- 
dencies of angioneurotic edema, which is said 
to occur intracranially on rare occasions. Urti- 
carias are frequently related to allei'gy. A 
menstrual edema has been described. In 1892 

6. Quincke, H. I.: Ueber akutes umschriebenes 
Hautodem, Monatsh. f. prakt. Dermat 1:129-131, 1882. 

7. Striibing, P. : Ueber acutes (angioneurotisches) 
Oedem, Ztschr. f. klin. Med. 9:381-389, 1885. 

8. Osier, W. : Hereditary Angioneurotic Edema, 
Am, J. M. Sc. 95:362-367, 1888. 


Milroy ° described an unusual form of edema 
of the lower extremities. He had observed it in 
families, the hereditary character indicating that 
some particular quality of the tissues predis- 
posed to its occurrence. 

These suggestions from clinical medicine point 
to elemental or primary factors in the patho- 
genesis of edema, among which should be men- 
tioned (1) change in the permeability of dam- 
aged capillary walls; (2) changes in capillary 
pressure; (3) variations in the colloids of the 
blood serum; (4) lymphatic obstruction; (5) 
unknown hereditary factors, and (6) disturb- 
ances in central or peripheral innervation. Be- 
cause of the nature of the complications under 
discussion, the ^possible relations between func- 
tion of the nervous system and edema deserve 
further consideration. 

The Peripheral Nervous System . — No work 
on this part of the nervous system has been more 
important than the pioneer demonstrations of 
Claude Bernard, who, in 1851, proved that the 
sympathetic nervous system subserves the func- 
tion of vasoconstriction. Since his time many 
workers have shown the vasodilator and sweat- 
inhibiting effects of severing the sympathetic 
nerves from the central nervous system. One 
might conclude that after lumbar sympathectomy 
standing would increase the volume of the legs, 
(Standing has this effect in normal, healthy 
persons.) However, inconclusive evidence pre- 
sented by Gambill, Hines and Adson from a 
study of 4 patients about twenty days after lum- 
bar sympathectomy for hypertension indicated 
that the standing volume of the legs was less 
after the operation than- before. 

The Central Nervous System . — For many 
years evidence has accumulated to suggest that 
the brain, and perhaps the brain stem and the 
spinal cord, may play a part in the production 
of edema. In 1867 Chevallier wrote a thesis 
for the faculty in Paris on paralysis of vasomotor 
nerves in hemiplegia. In 1876 Eulenberg and 
Landois came to the conclusion that there were 

9. Milroy, W. F. : An Undescribed Variety of 
Hereditary Oedema, New York M. J. 56:505-508, 
1892; Chronic Hereditary Edema; Milroy’s Disease, 
J. A. M. A. 91:1172-1175 (Oct. 20) 1928. 

10. Gambill, E. E. ; Hines, E. A., and Adson, A. W. : 
The Circulation in Man in Certain Postures Before 
and After Extensive Sympathectomy for Essential 
Hypertension, Am. Heart J. 27:360-380, 1944. 

11. Chevallier, P. E. ; De la paralysie des nerfs 
vasomoteurs dans I’hemiplegie, Thesis, Paris, no. 175, 
1867. 

12. Eulenberg, A., and Landois, L.: Ueber die ther- 
mischen Wirkungen experimenteller Eingriffe am 
Nervensystem und ihre Beziehung zu den Gefassnerven, 
Virchows Arch. f. path. Anat. 68:245-271 and 489 
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centers in the cerebral cortex near the motor 
centers for the arm and leg which influenced the 
vascular state of the extremities. In 1888 
Gowers reported similar observations, includ- 
ing the occasional presence of subcutaneous 
edema of the paralyzed part as a result of cor- 
tical or capsular lesions. In 1899 Parhon and 
Goldstein studied 86 hemiplegic patients, 8 of 
whom had edema of the paralyzed hand. These 
authors did not attribute it to inactivity but 
stated that it was more probably related to 
hemianesthesia. Whenever edema has been 
found in association with hemiplegia it has 
usually been in the upper extremit 3 ^ That edema 
and lesions of the central nervous system could 
be definitely related was suggested by Stone,^*^ 
who, in 1929, reported his observations in the 
unusual case of a young girl who had had hemi- 
edema with hemiplegia due to cerebral softening 
from embolus. Although he was unable defi- 
nitely to locate an “edema center,” after care- 
ful study of the patient’s brain, his case, per- 
haps as much as any other reported up to that 
time, has helped to demonstrate a factor in edema 
referable to the central nervous system. In 1934 
Kennard presented experimental evidence for 
vasomotor representation in the cerebral cortex 
of monkeys. In 1935 Bucy reviewed the 
literature and reported the clinical observations 
in an unusual case in which outspoken vaso- 
motor changes were associated with paralysis 
of cerebral origin. In 1936 Luhan found evi- 
dence of hemiedema in 15 of 100 cases of hemi- 
plegia selected at random. In 7 cases, he gave 
detailed findings, including observations at 
necropsy in 2 of them. In his summary he said : 

. . . The cerebral lesion effects a tendency to localize 
actual or potential edema to ’ the paretic extremities. 
. . . thus far the results of clinical studies which were 
checked with postmortem observations have not fur- 
nished any critical evidence for a cerebral vasomotor 
center of contralateral dominion. 

In a summary and review of the literature 
in 1944 Kennard accumulated additional clin- 

13. Gowers, W. R. : A Manual of Diseases of the 
Nervous System, London, J. & A. Churchill, 1905, vol. 2. 

14. Parhon, C., and Goldstein, M. : Contributiui la 
studiul contracturiei in hemiplegia, Romania med. 7; 
2-12, 1899. 

15. Stone, T. T. : Hemiplegia with Hemiedema Due 
to Cerebral Softening, J. Nerv. & Ment. Dis. 69: 
651-660, 1929. 

16. Kennard, !M. A.; Vasomotor Representation in 
Cerebral Cortex, Science 79:348-349, 1934. 

17. Bucy, P. C. ; Vasomotor Changes Associated 
with Paralysis of Cerebral Origin, Arch. Neurol. & 
Psychiat. 33:30-52 (Jan.) 1935. 
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plegia, Arch. Neurol. & Psychiat. 36:42-56 (July) 1936. 

19. Kennard, ^1. A. : The Precentral ^lotor Cortex, 
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ical data from human subjects and brought 
together the experimental observations, includ- 
ing those of Fulton and others, bearing on 
vasomotor representation in the cerebral cortex. 
The results of extirpation and stimulation experi- 
ments on monkeys and other animals have not 
been constant, and conclusions are difficult to 
draw. In general, it seems that area 6 (Brod- 
mann) in monkeys contains within it elements 
capable of affecting the vasomotor system and 
the temperature of the contralateral extremities. 
This autonomic representation may extend some- 
what into areas 4 and 8. The area .for the leg 
is just anterior to the cortical motor centers for 
the leg and foot; the area for the arm, anterior 
to the cortical motor centers for the hand and 
arm. 

The floor of the fourth ventricle, the brain 
stem and the hypothalamus have been shown 
experimentally to have an influence on the vaso- 
motor system. Whether these areas are parts of 
association pathways or relay centers is not clear. 
Perhaps on the basis of such inconclusive evi- 
dence, Freeman and Watts suggested that 
cutting the fasciculus cinguli might contribute to 
incontinence, in view of interruption of possible 
pathways between the cortex and the hypo- 
thalamus. 

The motor cortex representing the foot appears 
to be a narrow zone anterioi to the central sulcus, 
and at the very vertex of the hemisphere. The 
central sulcus is usually visible on the mesial 
surface of the hemisphere. About it on the 
mesial surface is the paracentral lobule, said to 
contain cortical sensory and motor representa- 
tion' for rectal, vesical and sexual structures. 
Green and Oldberg and Erickson have re- 
cently reported on patients with lesions of the 
paracentral lobule and adjacent structures and 
have reviewed pertinent literature bearing on it. 
The cortical center for the foot and the para- 
central lobule are in close proximity. The recto- 
genitovesical structures themselves and part of 
the feet receive their innervation (sensory and 
motor) via centers in the sacral portion of the 
spinal cord. As might be expected, cortical 

20. Fulton, J. F. ; Forced Grasping and Groping in 
Relation to the Syndrome of the Premotor Area, Arch. 
Neurol. & Psychiat. 31:221-235 (Feb.) 1934. 

21. Freeman, W., and Watts, J. W. : The Frontal 
Lobes and Consciousness of the Self, Psvchosom. Med. 
3:111-119, 1941. 

22. Green, J. R., and Oldberg, E. : Injuries of the 
Vertex of the Skull with Special Reference to the 
Paracentral Lobules of the Brain, Arch. Neurol. & 
Psychiat. 53:89 (Jan.) 1945. 

23. Erickson, T. C. : Erotomania (Nymphomania) as 
an Expression of Cortical Epileptiform Discharge, Arch. 
Neurol. & Psychiat. 53:226 (Alarch) 1945. 
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representations for such sacral neurons, so 
diverse in function, are very near each other. 

In order to visualize the part of the cerebrum 
affected by the lobotomy, we went to the ana- 



Fig. 2. — Drawing of the coronal surface of the brain 
at the plane of lobotomy. A few fibers of the most 
anterior portion of the corpus callosum are shown, with 
the tip of the anterior horn of the lateral ventricle at 
either side. The portion of the cortex which is shaded 
darker is that supplied by the anterior cerebral arteries, 
which are shown cut across below and above the corpus 
callosum. A, indicates the superior operative approach 
and the outline of areas which may be cut; B, the 
lateral operative approach and the outline of tlie area 
which may be cut. 


to some degree by the operation. -The more 
specific nature and function of these tracts offer 
a fertile opportunity for investigation. If one 
may assume that man has cortical vasomotor 
representation in area 6, soine of the fibers pass- 
ing from such cells to the internal capsule may 
be injured directly by the lobotomy even when 
it is made fairly far anterior. From the posi- 
tion of these supposed vegetative centers, how- 
ever, it 'might be assumed that more trophic dis- 
turbance would result directly from the lobotomy 
cut if it were made farther posterior. We have 
collected data that bear on this point. 

At the time of operation it is customary for 
the surgeon to inject iodized poppyseed oil 40 
per cent into the lobotomy cut and make a 
roentgenogram of the head to ascertain the plane 
of the lobotomy. This was done for all 17 of 
our patients. We have studied these roentgen- 
ograms and have classified the planes of the cut 
as anterior to, under, just posterior to or con- 
siderably posterior to, the plane of the coronal 
sutures. These data, together with those on 
the complications, including the persistence of 
incontinence, are presented in the accompanying 
table. 


Correlation of Location of Lobotomy Cut (with Regard to Plane of Coronal Sutures) ivith Duration of 

Incontinence and Complications in the Extremities 


Plane of Iodized Oil in Lobotomy Cut as 
Seen in Roentgenograms of Skull in 
Relation to Plane of Coronal Sutures 


Complications 


Inconti- 

nence 


Inconti- 

nence 



Case Xo. 

Anterior 

Under 

Slightly 

Posterior 

Consider- 

ably 

Posterior 

Lasting 
Less Than 
a Month 

Persisting 

Several 

Months 

, Extremities 

1 

F. M 






-T 

Severe tenderness and edema of legs and feet 

2 

E. S 



• 

-f 


-h 

bullae on heels 

Marked edema of legs and feet; bullae on heel. 

3 

R. M. R 






-r 

Moderate tenderness and edema of feet; edemt 

4 

M. J 






-r 

of left hand 

Mild tenderness and edema of legs and feet 

5 

F. L 



“r 




Mild tenderness and edema of feet 

6 

K. M 


+ 




+ 

Mild edema of legs 

7 

V. R 


-r 



■F 


Svpelling of feet 

8 

G. E 


— 



-r 

, , 

Bullae of heels 

9 

T. E 


1 + 




, , 

None 

10 

S. M 


-i- 




None 

11 

K. H 


-1- 




, , 

None 

12 

L. W 


-U 



+ 


None 

13 

P. K 

• - 






None 

14 

T. O 


“T 




“F 

None 

15 

K. E 

+ 

, , 



+ 


None 

16 

L. E 






-F 

None 

17 

B. M 


** 


+ 

•• 


None * 


♦ This patient had preoperative edema of the legs and feet, which disappeared after the operation because of increased 
activity (?) or trophic changes (?). 


tomic laboratory and cut through a brain in 
the plane of the lobotomy. On a sketch of the 
cut surface (fig. 2) we outlined the fields of the 
two chief operative approaches. The cut is pre- 
sumed to be made in the white matter anterior 
to the premotor (exti'apyramidal) cortex, near 
the plane of the coronal sutures. 

From figure 2 the impression is gained that 
numerous association tracts, variable in leneth, 
including the frontothalamic, may be sectioned 


Of the 8 patients with complications referable 
to the legs, 6 had occasional incontinence of the 
bladder and rectum for considerably more than 
a month after the operation. Of 9 patients with- 
out complications of this sort, only 4 had such 
prolonged incontinence. Therefore it appears that 
complications in the legs may have something in 
conunon with persisting incontinence. However, 
the suggestion that the more posterior sections 
may be associated with such complications is not 
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entirely sustained by the data in the table. The 
lobotomy in case 17 was carried rather far 
posterior. Although the patient had persisting 
incontinence, at no time after the operation did 
she have edema of the legs. In fact, a slight 
preoperative edema of the legs disappeared sub- 
sequent to the operation. The lobotomy cut in 
case 1 was not posterior, and yet of all the patients 
she had the severest complications in the legs and 
persisting incontinence. There is, nevertheless, 
evidence in the table that the more anterior lo- 
botomy is likely to be attended with less incon- 
tinence. These disconcerting facts, whatever 
their explanation may be, cause one to surmise 
that there may be anomalies of brain structure. 
The shape of the skull, too, may reveal dis- 
crepant relations between .exterior landmarks 
and brain structure. The blood supply of the 
brain may be anomalous. There may be vaso- 
motor representation in the cortex of a dual and 
antagonistic nature which overlaps considerably 
in one hemisphere. There may also be bihemi- 
spheral overlapping of function. Such possi- 
bilities could well account for the discrepancies 
in the results of experimental investigations on 
animals. 

One must ever bear in mind the teaching of 
Hughlings Jackson that very different symptoms 
are to be expected from destruction than from 
stimulation of the nerve tissue. Alteration of 
the vascular supply of the brain may impair the 
functional integrity of structures at a consider- 
able distance from the vascular defect. The 
portion of the cerebrum nourished by the an- 
terior cerebral artery serves well to illustrate this 
point. This artery courses backward over the 
mesial surface of the brain, sending branches 
laterally, upward and posteriorly to supply the 
gray and, white matter of a narrow volume of 
the cerebrum adjacent to the mesial surface as 
far back as tbe parieto-occipital sulcus. Some 
branches of the anterior cerebral artery are said 

24. For charts of the blood supply of the brain, 
see Ranson’s “Anatomy of the Nervous System” and 
Cunningham’s “Text-Book of Anatomy.” 


to supply the anterior portion of the thalamus, 
the basal ganglia and a part of the internal cap- 
sule. From a study of figure 2 it can be seen 
that small branches of the anterior cerebral 
artery might suffer interruption by the lobotomy, 
with consequent damage (small infarcts [?]), 
perhaps with mixed stimulating and destructive 
effects. Such possible infarcts might conceivably 
damage cortical association fibers, and even the 
cortex itself. The areas most vulnerable would 
be the uppermost portion of Brodmann’s areas 
8, 6 and 4, the paracentral lobule and mesial 
cortex anterior to it and sensory cortex repre- 
senting the foot posterior to the central sulcus. 

Necropsy studies are needed to clarify some 
of these questions. Plethysmographic observa- 
tions on the legs before and after operation would 
doubtless give helpful information. If the opera- 
tion were done on one side at a time, the intact 
side might serve as a control for the effects of 
operation. The anterior cerebral artery and its 
possible anomalies deserve renewed investiga- 
tion. There are so many anomalies of the brain 
and skull that it would seem wise in dealing with 
the latter to remove a larger bone flap in prep- 
aration for the lobotomy, at present generally 
done through small openings in the skull. 

We have not satisfactorily explained the clin- 
ical complications in the lower extremities in 
cases of prefrontal lobotomy. However, bedside 
observations on man and experimental investiga- 
tions on monkeys point to areas in the brain 
lesions of which may produce edema and vascular 
and trophic disturbances. A more careful 
analysis in man of the functions of the cerebral 
cortex and subgortical structures nourished by 
the anterior cerebral artery may contribute 
greatly to the understanding of this problem. 
Milroy’s disease (familial hereditary edema) and 
other obscure edemas of the feet and legs, as 
well as bullae, may be found to have a causative 
factor in the central nervous system, and it may 
well be discovered that enuresis is more than a 
defective habit, important as that can be. 

The Milwaukee Sanitarium. 



ORGANIC PSYCHOTIC SYNDROMES OCCURRING DURING 
ELECTRIC CONVULSIVE THERAPY 

LOTHAR B. KALINOWSKY, M.D. 

■ NEW YORK 


In Uectric convulsive therapy the first clinical 
improvement is frequently followed b)' an acute 
psychotic picture which is an organic reaction 
caused by the treatment. Not only are such dis- 
turbances of practical importance for the correct 
application - of electric convulsive therapy, but 
they have many theoretic implications of great 
interest. The much discussed impairment of 
memory is the most constant, but never the only, 
organic mental symptom during electric con- 
vulsive therap3^ Careful examination will reveal 
equally early symptoms in the emotional sphere. 
In a fair number of patients more dramatic syn- 
dromes develop. These always have certain char- 
acteristic features which permit their diagnosis 
as organic psychotic reactions implanted on the 
psychosis for which the patient is being treated ; 
they disappear within one or two weeks after the 
last treatment. Their misinterpretation often 
leads to untimely cessation of treatment or, more 
frequently, to its unnecessar}’- prolongation be- 
cause of symptoms which are mistaken for 
residual manifestations of the patient’s original 
illness. 

Their symptoms repeat the great variety of 
acute syndromes occurring as organic reaction 
types. Early the patients show difficulty in con- 
centration, have various physical complaints and 
manifest what has been called “organic neuras- 
thenia.” All intellectual functions, grasp as well 
as memory and critical faculty, are impaired; 
fatigability, circumstantiality and tendency to per- 
severation become obvious. Later, KorsakofE-like 
pictures may develop. The patient is disoriented 
in space and time, is incoherent in speeck and 
action and shows aphasic-apraxic symptoms. As- 
sociations become poor. Often, disturbances of 
affect dominate the picture. Some patients be- 
come euphoric; others, fearful; still others go 
from bewilderment to a severe furor. Patients in 
psychomotor excitement aggravated by delusional 
fears and hallucinations make senseless attempts 

From the New York State Psychiatric Institute and 
Hospital, 

Some observations mentioned in this paper were 
made by the author at the Pilgrim State Hospital, 
Brentwood, N. Y. ; director, Dr. Harry J. Worthing. 


to escape, trying to go through windows and 
disregarding injuries. A typical delirium is not 
infrequent. Patients who never had hallucinations 
have vivid hallucinatory experiences. They ex- 
perience entire scenes, which are changeable and 
may stir their fear to a panic. When treatment 
is continued in spite of such productive symp- 
toms, these manifestations usually are replaced 
by a simple dementia. At this stage the patient 
may wet and soil himself, wander around aim- 
lessly or become underactive and pass into a 
vegetating existence. 

It is common to all these manifestations that 
they clear up one or two weeks after the last 
treatment; even the most dramatic symptoms 
often disappear suddenly on tlie fifth or sixth day. 
There is always complete amnesia for these syn- 
dromes even if the content of the pretreatment 
psychosis is well remembered. 

Sometimes patients who had reached a quiet 
state of dementia recover by going again through 
a productive phase, with disturbed behavior, as- 
• saultiveness, delusional fears and hallucinations.' 

A. C., aged 18, with dementia precox, catatonic type, 
and no history of hallucinations, received twenty electric 
convulsion treatments. He became free from symptoms 
after four treatments but later showed an organic type 
of reaction, which finally resulted in a state of quiet, 
silly confusion. Five days after the last treatment he 
became acutely disturbed, had a hunted look, accused 
himself of being a murderer and sa\y preparations for 
his execution. An interview revealed the organic type 
of these symptoms, which were accompanied by com- 
plete disorientation. No further treatment was given, 
and five days later full recovery took place. 

The correct interpretation of these late mani- 
festations of an organic reaction is of special im- 
portance, for if they are mistaken for a relapse of 
the original psychosis they may lead to unneces- 
sary reinstitution of treatment. 

A few of the organic mental symptoms may be 
discussed in more detail. The impairment of 
memory follows the pattern seen in all organic 
diseases of the brain and extends gradually from 
more recent to remote recollections. This is well 
exemplified by a patient who was bprn in Russia, 
lived for many years in Germany and has been 
269 
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in this countr}^ for fifteen years. He first lost his 
English and was able t9 speak only German. 
After more treatments he spoke only Russian, 
without realizing that nobody understood him. 
After treatment had been discontinued, ability to 
speak the languages returned in the same se- 
quence. The condition of this rather unproduc- 
tive patient, Avith paranoid schizophrenia, who 
also went through an acute hallucinosis during the 
treatment, has now been in full remission for two 
years, Avithout shoAving any memory difficulties. 

The disorientation of these patients involves 
not onl}’^ time and place but also person. They 
do not realize their defect and improvise explana- 
tions, but are not productive in confabulations. 
When the organic episode has cleared up, it be- 
comes obAuous that no actual loss has occurred. 
Therefore, Avhen intense treatment is necessary 
to aclneA^e results,^ the' occurrence of an organic 
reaction is no reason that treatment should be 
discontinued for fear of mental sequelae. Psy- 
chologic studies have confirmed the opinion that 
no actual loss of memory- is demonstrable in pa- 
tients after a course of electric convulsiA’^e ther- 
apy.- The learning ability in particular Avas 
found unimpaired. A physician suffering from a 
depression and shoAving a Korsakoff picture dur- 
ing the treatment Avas able, a fcAv months later, 
to pass a difficult examination. 

A case especially rich in its oi'ganic symptoms 
may be described briefly. 

D. B., a woman aged 20, a quiet hebephrenic patient, 
without delusions or hallucinations, went through the 
first nine treatments uneventfully, Avith only slight con- 
fusion. After the tenth treatment she began to halluci- 
nate, showed signs of psychomotor agitation and talked 
incessantly and incohere^tl 3 ^ A sample of her uninter- 
rupted productions follows; “Tonight I saw little satans 
on the door, but God was awfully nice to me. I wanted 
to go to bed with Tommy. I had Germans here tonight 
killing me. I am awfuHj^ sexuallj' inclined. The Ger- 
mans were shooting at me, but I beat them all up. 
I do read the Bible. I saw many seraphims on the 
door.” After two more treatments she became quiet, 
stood around, looked silly and embarrassed and talked 
hardly at all. Four daj’s after the twentieth, and last, 
treatment this stuporous condition began to disappear. 
She looked fearful, cried and again, two days later, 
became acutely disturbed ; she would dance, sing, tear 
her clothes, roll over the floor, bite other patients, soil 
and smear. During the followi'ng day the picture was 
exactly that shown during the actual treatment, which 

1. Kalinowsk}-, L. B.: Electric Convulsive Therapy, 
with Emphasis on Importance of Adequate Treatment, 
Arch. Neurol. & Psychiat. 50:652 (Dec.) 1943. 

2. Zubin, J., and Barrera, S. E. : Effect of Electric 
Convulsive Therapy on Memory, Proc. Soc. Exper. 
Biol. & Med. 48:596, 1941. Sherman, I.; Mergener, J., 
and Levitin, D. : The Effect of Convulsir-e Treatment 
on Memorj-, Am. J. Psychiat. 98:401, 1941. 


was characterized by A'isual hallucinations and uninhibited 
sexuality. Again, two days later, i. e., nine days after 
the last treatment, she was perfectly quiet, Avell behaved, 
oriented and reasonable. 

It is common experience in electric convulsive 
therapy that the clinical improvement occurs dur- 
ing the first five treatments. When new psychotic 
symptoms appear during the subsequent comml- 
sions, they are usually signs of an organic reac- 
tion. They often shoAv features reminiscent of 
the illness suffered by the patient prior to treat- 
ment; thus, a patient with a manic-depressiv'e 
psychosis is more likely to sIioav an organic reac- 
tion Avith affectiA'’e tainting, and a schizophrenic 
patient, more schizophrenia-like symptoms.. Hoav- 
ever, a differential diagnosis of the original psy- 
chosis and the organic reaction occurring during 
the treatment is usually possible : In schizo- 
phrenic patients the occurrence during electric 
commlsive therapy of cloudiness, disorientation, 
affective incontinence and efforts on the part of 
the patient to establish a better contact with the 
ph3’^sician Avill suggest the diagnosis of an or- 
ganic reaction. The hallucinations of an organic 
reaction are more vivid, and often changing, and 
the patient’s affective response to them is stronger 
than is usual in schizophrenia. Apparent changes 
from a quiet hebephrenic state to one of acute 
excitement, o’r from a catatonic stupor to a- pro- 
ductive paranoid state, Avith hallucinations and 
delusions, is generally a transient organic reac- 
tion. Permanent transitions from one subt3'pe of 
schizophrenia to another are rare and Avere not 
seen in an3^ of 1113'- patients receiving shock 
therap3^ 

The recognition of an organic reaction in' pa- 
tients Avith manic-depressive psychoses is some- 
times more difficult. A depi'essed patient who has 
been free from symptoms after four treatments 
ma 3 ’^ become apprehensive or Avorried about 
physical complaints after a feAv more treatments. 
Simultaneous signs of a slight confusion and the 
different type ,of depression, characterized by a 
more superficial fearfulness, reveal the organic 
reaction. Therefore, it Avould be a mistake to 
continue treatment Avith the expectation of recov- 
ery from this reaction, Avhich Avill clear up spon- 
taneously Avhen treatment is discontinued. The 
often mentioned "hypomanic reaction ’’ after 
treatment of- a depression is usuall3’^ a transitory 
organic s3'ndrome, characterized by silly euphoria 
and great suggestibility. On the other hand, a 
manic patient treated tAvice, tAvo years apart, 
shoAved on both occasions a short organic reac- 
tion of depressiA'^e tainting. True shifting from 
one phase of the manic-depressive psychosis to 
the other AvaS seen only in patients who had 
shoAvn such alternation prior to treatment. 


KALIN OW SKY— ELECTRIC CONVULSIVE THERAPY 


271 


A predisposition to psychotic reactions of 
organic type can be assumed. In cases of symp- 
tomatic psychoses occurring during infectious and 
toxic diseases, the presence of such a predisposi- 
tion was assumed from observations that the 
same patient reacted to repeated infections each 
time with a psychosis. During electric convulsive 
therapy, although all the patients have some 
organic symptoms, the degree varies consider- 
ably : and in several instances both the intensity 
of the reaction and the type of symptoms re- 
mained the same during different courses of 
treatment. One patient with three courses of ther- 
apy reacted each time with a severe Korsakoff 
syndrome after as few as four treatments. Sev- 
eral patients with two long courses of therapy 
showed a surprising scarcity of organic symptoms 
during each course. Although such experiences 
make the existence of predisposing factors prob- 
able. none could be defined except that patients in 
the involutional period of life seem to become 
more confused. Very old patients, in whom ar- 
teriosclerotic or senile changes in the brain could 
be expected, showed surprisingly little organic re- 
action. although their confusion after each indi- 
vidual treatment was longer than that in younger 
patients. There is no relation between the in- 
tensity of the organic reaction described here 
and that of the confusion after each individual 
convulsion which was discussed in other reports.^ 
There is no evidence that psychotic patients are 
more susceptible to organic mental symptoms 
than neurotic patients. Aside from the impres- 
sion that catatonic patients especially often failed 
to show organic signs, no relation between the 
degree of severity of organic symptoms and the 
type of disease could be established. 

The organic psychotic syndromes during elec- 
tric convulsive therapy offer almost experimental 
conditions for studies on “pathoplastic” influ- 
ences of various factors on the structure of a 
psychosis.^ Thus, the type of symptoms in 
psychoneurotic patients is usually in accordance 
with their schizoid or cyclothymic personality 
traits. It is equally understandable that psychotic 
patients show organic reaction types with affec- 
tive or schizophrenic features in accordance with 
their original mental illness. Exceptions to this 
rule are of particular interest ; One schizophrenic 
patient in two series of treatments showed the 
same depressive-hypochondriacal reaction, fol- 
lowed by a manic-euphoric picture; she was of 

3. Lowenbach, H., and Stainbrook, E. J. : Obser- 
vations on Mental Patients After Electric Shock, Am. 
J. Psychiat. 98:828, 1942. 

4. Birnbaum, K. : ^ Der Aufbau der Psychose, Ber- 
lin, Julius Springer, 1923. 


pyknic type, had some affective symptoms, and 
in the beginning her illness had been diagnosed as 
a manic-depressive psychosis by several psychia- 
trists. Another exception was a patient of pyknic 
type with clearcut catatonia who after fifteen 
treatments showed a manic-like organic reaction 
with grandiose ideas. The influence of con- 
stitutional factors was equally well demonstrated 
by the manic syndrome of a neurotic patient of 
pyknic type whose sister had a manic-depressive 
psychosis. 

The organic reactions during electric convul- 
sive therapy have interesting implications with 
respect to the question of the symptomatic psy- 
choses during toxic-infectious diseases and con- 
firm the view ^ that the symptoms of an exogenous 
psychosis do not depend on the noxious agent 
which caused it. Electric convulsive therapy 
shows that the same agent can produce clinical 
pictures of the greatest variety. It is not the 
damaging agent but constitutional and other fac- 
tors within the patient which determine the pic- 
ture. Only certain symptoms are constant in all 
organic reactions and are uninfluenced by per- 
sonality factors.® 

The prognosis of the organic syndromes dur- 
ing electric convulsive therapy is as favorable as. 
the prognosis of other symptomatic psychoses. 
The intensity of the reaction has no bearing on 
the duration. Disappearance of symptoms is sud- 
den. Complaints of memory impairment over a 
longer period are not more frequent in patients 
with severe organic reactions than in patients 
with mild ones. 

The question arises whether the organic mental 
symptoms as such, or pathophysiologic changes 
supposedly producing them, are necessary for 
results in electric convulsive therapy. Reports on 
remissions in psychotic patients during and after 
head injuries ' and experiences with psycho- 
surgeiy suggest that organic interference with 
cerebral function is likely to improve a psychosis 
and may also be the effective agent in shock 
therapy. It seems, however, that clinical mani- 
festations of an organic reaction type are not 
necessary for therapeutic results. In 50 schizo- 
phrenic patients, each treated with twenty con- 
vulsions and studied with this question in mind, 
no relation between the degree of severity of the 
organic mental symptoms and the therapeutic 

5. Bonhoeffer, K. : Die symptomatiscben Psychosen 
im Gefolge von akuten Infektionen und inneren Er- 
krankungen, Leipzig, F. Deuticke, 1910. 

6. Hoch, P. H.; Personality Factors in Alcoholic 
Psychoses, Psychiatric Quart. 14:338, 1940. 

7. Guttmann, E.: Suicidal Head Injuries, J. Ment 
Sc. 89:85, 1943. 
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results was seen : Daily treatments which in- 
variably led to' severe confusional states did 
not increase the therapeutic effect. Good results 
with schizophrenic patients reported ® to have 
followed such “confusional treatment” are also 
obtainable with the same number of treatments 
given at greater intervals.^ Further evidence 
against the influence of organic symptoms is fur- 
nished by the two facts that patients under electric 
convulsive therapy generally improve after four 
treatments, i. e., before they show even a memory 
defect, and that nonconvulsive responses produce 
confusion but no therapeutic results. 

Organic psychotic reactions are seen not only 
with electric convulsive therapy but with insulin 
treatment. The Korsakoff picture is frequent 
after “protracted coma.” Slight hypomanic states, 
as well as Sakel’s “activation of the ps 3 ^chosis” 
during insulin treatment, were shown to be or- 
ganic reactions.® This is important for the study 
of tlie common factor in the various shock meth- 
ods which might be concerned in the cerebral 
damage, though not necessarily in the degree of 
its clinical expression. 

It is undeniable that the frequency of organic 
syndromes is an unpleasant side effect of electric 
convulsive therapy. Rarer application of treat- 
'ment (twice a week) diminishes but does not 
prevent them and prolongs the treatment unduly. 
Occipital application of the electrodes or ad- 
ministration of oxygen during the treatment 
did not prevent confusion in a series of patients 
whom my colleagues and I treated in this way. 
It actually had been anticipated that the organic 
symptoms were not produced by the area of ap- 
plication of the current and its intensity but were 
the result of the repeated convulsive state. 

Therapeutic use can. be made of the organic 
reaction itself. The recommendation of occasional 
electric convulsion treatments as an adjunct to 
psychotherapy of neurotic patients is based on 

8. (o) Lowenbach, H. : Electric Shock Treatment 

of Mental Disorders, North Carolina M. J. 4:123, 1943. 
(h) Neymann, C. A.; Urse, V. G. ; Madden, J. J., and 
Countryman, M. A.: Electric Shock Therapy in the 
Treatment of Schizophrenia, Manic Depressive Psy- 
choses and Chronic Alcoholism, J. Nerv. & Ment. Dis. 
98:618, 1943. (c) Sakel, M. : The Pharmacological 
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Wortis, Washington, D. C., Nervous and Mental Dis- 
ease Publishing Company, 1938. 

9. Erb, A.: Zur Psychopathologie der hypogly- 
kamischen Zustande bei Schizophrenen, Ztschr. f. d. 
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the organic symptoms of relaxation, disinhibition 
and euphoria, which loosen the patient’s taision 
and thus make him more accessible to psycho- 
therapy. Improvement in neurotic patients, 
which neither in type nor in degree is com- 
parable to the results obtained with the 
psychoses, can often be achieved simply by pro- 
ducing an organic reaction.^® Another use of 
the organic “blurring” was made when with- 
drawal symptoms were prevented in 2 patients 
with morphine addiction by producing an organic 
reaction with three treatments on two successive 
days prior to sudden Avithdrawal of the drug. 

-• A thorough knowledge of the organic psychotic 
syndromes during electric convulsive therapy is 
of the greatest practical importance, for their 
misinterpretation may lead to inappropriate ap- 
plication of the treatment. Patients who improve 
rapidly from a depression but who after more 
treatments show uncertainty and bewilderment 
of an organic type are often considered as still 
depressed and are unnecessarily subjected to fur- 
ther treatment. Psychotic symptoms during elec- 
tric convulsive therapy which follow a period of 
improvement are usually organic in type; actual 
relapses do not occur during the treatment but 
only after its discontinuation. In. cases in which 
a deep but quiet organic reaction clears up by 
passing through a phase of excitement, unneces- 
sary initiation of a second course of electric con- 
vulsive or insulin treatment is often a conse- 
quence of the failure to recognize the organic 
nature of the acute episode. Another mistake is 
discontinuation of treatment because of an 
organic reaction which is taken for aggravation 
of the patient’s condition. In cases of schizo- 
phrenia in which twenty, or even more, treat- 
ments are needed, such discontinuation is often 
responsible for inadequate treatment. It should 
be realized that in favorable and unfavorable 
cases alike, the outcome of electric convulsive 
therapy can be determined onty two weeks after 
the last convulsion, i. e., when the organic reac- 
tion has definitely cleared up. 

SUMMARY 

A great variety of organic psychotic episodes 
can be observed during a cours.e of electric con- 
vulsive therapy. The appearance of new symp- 
toms during such treatment is usually indicative 
of an organic reaction. The correct interpreta- 
tion of these syndromes is of paramount impor- 
tance for proper planning of electric convulsive 

13. Kalinowsky, L. B.; Barrera, S. E., and Horvvitz, 
W. A.; Electric Convulsive Therapy of the Psycho- 
neuroses, Arch. Neurol. & Psychiat. 52:498 (Dec.) 
1944. 
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therap3\ Treatment is often unnecessarily con- 
tinued because of symptoms which are no longer 
an expression of the original disease, or it is pre- 
maturely interrupted because transient organic 
episodes are taken as an aggravation of the pa- 
tient’s illness. They constitute one of the reasons 
why not the purely mechanical application of 
electric convulsive therapy but only thorough 
acquaintance with the psychiatric manifestations 


during the treatment can lead to its successful 
employment. 

These organic reactions offer almost experi- 
mental conditions for the study of the various 
factors which determine the type of symptoms 
in a “symptomatic” psychosis. They have inter- 
esting implications for a number of neuropsy- 
chiatric problems. 

722 West One Hundred and Sixty-Eighth Street. 


ORIGIN OF THE SPIKE AND WAVE PATTERN 
•OF PETIT MAE EPILEPSY 

AN ELECTROENCEPHALOGRAPHIC STUDY 
JOHN B. HURSH, Ph.D., M.D. 

CAMBRIDGE, MASS. 


It is interesting that despite the current em- 
phasis which has been placed on the electro- 
encephalographic detection of cortical lesions and 
the successful identification of the epileptogenic 
focus for a certain group of patients displaying 
generalized convulsions, no such demonstrable 
cortical lesions have been shown to constitute the 
focus foriattacks of petit mal epilepsy. The hypoth- 
esis that the focus for petit mal epilepsy may be 
subcortical, and therefore not capable of being 
identified by the usual electroencephalographic 
technics, receives support from evidence cited by 
Penfield and Erickson^ (page 138). These 
authors reported a case of petit mal epilepsy for 
which the focus was identified by implanting 
electrodes in the region of the interpeduncular 
space. Records from the electrodes were ob- 
tained which demonstrated a local discharge at 
this point, and certain characteristics of the 
seizure were reproduced by stimulating this area. 

The data to be presented in this paper consti- 
tute further evidence of the subcortical origin of 
petit mal seizures. This evidence is derived from 
electroencephalograms and is concerned with (a) 
the distribution of the spike and wave pattern of 
petit mal epilepsy after almost complete section 
of the corpus callosum and (b) the time of onset 
of the spike and wave pattern as recorded from a 
series of widely separated scalp leads. 

METHOD 

The technic of recording was similar to that in general 
use in electroencephalographic laboratories. The elec- 
trodes were small German silver cups attached to the 
scalp convex side up. Thej' were secured in place with 
colloidin and filled with electr.ode jelly through a small 
central hole. Flexible wires led from the scalp buttons 
to a set of selector switches so arranged that each pair 
of leads could be connected to any of six independent 
amplifiers. The recorders consisted of moving iron 
piece speaker elements adapted for use as ink writers. 


This work was made possible by a grant from the 
John and Mary R. Markle Foundation. 

From the Department of Physiology and Department 
of Surgery (Neurosurgical Division), the University of 
Rochester School of Medicine and Dentistry, Rochester, 
N. Y. , 

1. Penfield, W., and Erickson, T. C. ; Epilepsy 
and Cerebral Localization, Springfield, 111., Qiarles C 
Thomas, Publisher, 1941. 


The natural period of the pens was about 40 cycles per 
second, and their overshoot was reduced to a minimum 
bj' electromagnetic damping. Either monopolar or bi- 
polar leads were employed, the choice depending on 
circumstances. During the test the patient reclined on 
a cot in a semidarkened, electrically shielded room. The 
amplifier and the recording apparatus used in this inves- 
tigation were designed by Dr. A. C. Young. 

RESULTS 

The records from "which the data were 
assembled all showed repetitive complexes clearly 
containing the spike and wave pattern, which has 
been found pathognomonic of petit mal epilepsy 
(Gibbs, Lennox and Gibbs - ). The position and 
size of the spike with reference to the wave were 
variable. The frequency of the waves varied 
from 2 to 4 per second. No attempt was made to 
differentiate petit mal seizures, larval petit mal 
attacks and petit mal variants, either on a clinical 
or on an electrical basis. 

In presentation of the results, the term 
“sequence” is used to refer to the complete set of 
petit mal waves associated with a single outburst. 
The term “signal” is frequently used when it is 
desired to refer to a single spike and wave. 

Effect of Section of the Corpus Callosum qj; 
Distribution of the Spike and Wave Pattern. — If 
the spike and wave pattern of petit mal epilepsy 
were initiated at a discrete cortical site and the 
abnormal discharge then spread to other cortical 
regions, involvement of the contralateral hemi- 
sphere would be expected to occur via the fibers 
of the corpus callosum. This expectation was 
borne out for the spread of the train of abnormal 
waves set up by the brief local stimulation of the 
monkey cortex in the experiments of Erickson.^ 
He found that section of the corpus callosum 
resulted in confinement of the abnormal waves to 
the hemisphere which contained the site of the 
original electrical stimulation. Similarly, in the 

2. Gibbs, F. A. ; Lennox, W. G., and Gibbs, E. L. : 
Localizable Features of the Electrical Activity of the 
Brain in Petit Mal Epilepsy, Am. J. Physiol. 116:61 
(March) 1936. 

3. Erickson, T. C. : Spread of the Epileptic Dis- 
charge : An Experimental Study of After-Discharge 
Induced by Electrical Stimulation of Cerebral Cortex, 
Arch. Neurol. & Psychiat. 43:429 (March) 1940. 
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case of the single action potential spike initated was able to secure postoperative records on 2 of 
by local cortical stimulation (Curtis'*) it was these patients during petit mal seizures. Repre- 
found that section of the corpus callosum resulted sentative spike and wave sequences taken from 
in confinement of the observed electrical response these records appear in figures 1 and 2. 
to the ipsilateral hemisphere. The patient whose electroencephalogram ap- 

It should therefore be possible to answer the pears in figure 1, a man aged 21, had been sub- 
question whether the petit mal attack was inci- ject to epileptic attacks since the age of 5 years, 
dent in the cortex- by a study of the cortical dis- At the time he was seen at the electroencephalo- 
tribution of the spike and wave pattern in the graphic laboratory he was having numerous petit 
postoperative electroencephalograms of the pa- mal seizures and only occasional grand mal at- 
tient after section of the corpus callosum. If the tacks. The petit mal seizures were of from three 
spike and wave pattern was obtained from both to thirty seconds’ duration and involved lack of 
hemispheres after section, its appearance might orientation, with no other clinical signs '■'* (page 
be regarded as presumptive evidence that the 975). The portion of record presented in figure 
complex in question had not originated in the 1 C was chosen from numerous spike and wave 



Fig. 1. — The record of a petit mal wave sequence taken from patient E. L., with partial section of the corpus 
callosum, as indicated by marks at the ends of the arrow. The positions of callosal fibers, as shown in B, are 
related to the cortical areas indicated by. the same code in A. The large black dots in A represent the cortical 
projection of the electroencephalographic scalp leads. C, postoperative records, showing spike and wave sequences. 


cortex but had spread up mto both hemispheres 
from a subcortical focus. Van Wagenen has 
performed section of the corpus callosum in a 
number of epileptic patients.® Fortunately, I 

4. Curtis, H. J. : Intercortical Connections of the 
Corpus Callosum as Indicated by Evoked Potentials, 
J. Neurophysiol. 3:407 (Sept.) 1940. 

5. (o) For a preliminary report of this work, see Van 
Wagenen, W. P., and Herren, R. Y. : Surgical Division 
of Commissural Pathways in the Corpus Callosum, 
Arch. Neurol. & Psychiat. 44:740 (Oct.) 1940. (&) The 
cases of these 2' patients are described in detail in a 
second article (Akelaitis, A. J. ; Risteen, W. A.; Herren, 
R. Y., and Van Wagenen, W. P,’: Studies on the 
Corpus Callosum : III. A Contribution to the Study of 


sequences appearing in his postoperative records, 
taken on five different occasions. This portion 
was selected because it presents tracings from 
monopolar leads from six widely separated loci, 
and its value suffers from the fact that the spike 
and wave pattern is not well pronounced in the 
lead from the right precentral area. However, 
scrutiny of the original record, simultaneous time 
coordinates being taken into account, clearly 
establishes the presence of the petit mal pattern 
in this lead. 

Dyspraxia and Apraxia Following Partial and Complete 
Sections of the Corpus Callosum, ibid. 47:971 flunel 
1942). 
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In general, it may be said that bilaterally S 3 ''m- 
metric leads show in-phase spike and wave com- 
plexes of similar shape. Since the section in this 
case was not complete, it is important to identify 
the extent of the destruction of interhemispheral 
connections via the corpus callosum in terms of 
the areas from which the electroencephalographic 
tracings were recorded. A and B of figure 1 at- 
tempt to clarify this question. It has been as- 
sumed that the monkey cortex and the human 
cortex are comparable with regard to the 
arrangement of fibers in the corpus callosum 
according to the cortical area from which they 
are derived. The diagrams in A and B (fig. 1 ) 
were made on the basis of the experiments of 
Sunderland,® in which local cortical lesions were 
produced in monkeys and the extent of degen- 


stated in the surgeon’s operative notes. The 
entire area between the heavy lines at the ends 
of the arrow was included in the section. 

It is apparent that little or no interference with 
conduction with respect to the precentral and 
parietotemporal areas would be expected. The 
callosal connections for the frontal area were 
seriously interfered with; therefore it might be 
reasonable to expect the disappearance or pro- 
nounced attenuation of the response in one 
frontal area if it is assumed that the spike and 
wave signal has a local cortical origin and 
spreads from one frontal area to the other via 
callosal fibers. Since the spike and wave com- 
plex appears in both frontal leads, as shown in 
figure 1, it may be concluded that the initial 
focus in this case was subcortical. 



Fig. 2. — The record of a petit mal sequence taken from patient A. M., with partial section of the corpus callosum, 
as shown by marks at the ends of the arrow. The positions of the commissural fibers in the corpus callosum (B), 
in terms of the cortical areas from which they are derived {A), are identified by use of a code; large black dots in 
A represent the cortical projection of the electroencephalographic scalp leads. C, postoperative records. 


eration of fibers in the corpus callosum was 
investigated histologically. The position of the- 
lesions as related to the scalp leads employed 
in the electroencephalographic study are repre- 
sented in a drawing of the human cortex in 
figure 1 A. The large black dots refer to the 
approximate position of the electroencephalo- 
graphic leads as projected on the underfying 
cortex. A code similar to that used to indicate 
the separate lesions is employed in figure 1 B, 
sliowing their representation as fibers in the cor- 
pus callosum. Figure 1 B also indicates the 
extent of the section of the corpus callosum as 

■ 6. Sunderland, S. : Distribution of ' Commissural 
Fibers in the Corpus Callosum, in the ilacaque Monkey, 
J. Neurol. & Psychiat. 3:9 (Jan.) 1940. 


Figure 2 'presents comparable data in the 
second case. The seizures of this patient, a man 
aged 26, began at the age of 15 years. In 
addition to petit mal attacks, he was also subject 
to grand mal seizures, which developed with 
no preliminary warning or aura®“ (page 751). 
It will be evident from figure 2 B that the callosal 
section was considerable in this case, extending 
from the anterior commissure to within 1 cm. 
from the tip of the splenium. The fornix was 
also divided just anterior to the foramen of 
Monro. It is probable, therefore, that the fibers 
of the corpus callosum for the .prefrontal and 
frontal areas were sectioned in their entirety 
(granted a fundamental analogy between the 
human and the monkey cortex). Since the spike 
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and wave complex appears simultaneously in all 
four leads, the possibility of an initial focus in 
the frontal or the prefrontal area of the cortex is 
excluded. 

There remains the question whether the focus 
might reside in some other cortical area and 
spread via rapidly conducting axons to the sites 
from which the leads were taken. The existence 
of rapidly conducting intrahemispheric and in- 
ter hemispheric axons has been established by 
recent physiologic evidence. Curtis,’^ by electrical 
means, and ]\'IcCulloch and Garol,'^ by local ap- 
plication of strychnine found that the stimulation 
of areas 5 and 6 and a small part of area 9 set 
up potentials which could be recorded from many 
areas on the opposite hemisphere. The short 
latencies between the stimulus and the response 
at mutually distant points indicate transmission 
via axons of the corpus callosum as the mode of 
conduction. Dusser de Barenne and McCulloch ® 
presented evidence that axonal connections exist 


excluded by examination of Sunderland’s map of 
the distribution in the corpus callosum of the 
fibers from areas 5, 6 and 9. It becomes appar- 
ent that the section of the corpus callosum has 
destroyed all connections of the corpus callosum 
from these regions. 

The second possibility is that of a focus in the 
occipitoparietal area, conduction to The corre- 
sponding area of the -other hemisphere through 
callosal fibers of the intact splenium and, finally, 
intrahemispheric conduction to the frontal and 
prefrontal areas. In order to examine this pos- 
.sibility, a record was obtained from the patient 
with leads connected as shown in figure 3. An 
attempt was made to induce a petit mal attack by 
hyperventilation. Although no attack was in- 
duced, single petit mal complexes appeared in 
the record. Examination of figure 3 shows that 
single complexes appear simultaneously in the 
two prefrontal-frontal leads and that no petit mal 
complex can be detected in the occipital-parietal 



Fig. 3. — The record of petit mal waves for patient A. M., with leads placed as shown in the diagram. 

* 


between areas in the same hemisphere subserv- 
ing sensation in a particular part of the bod}'. 

These' observations necessitate the consider- 
ation of two other possible modes of initiation 
and spread of the petit mal complex. The first 
possibility is that a cortical focus exists in those 
specific areas (that is, areas 5 and 6 and a part 
of area 9) which have connections via the corpus 
callosum to multiple areas on the opposite hemi- 
sphere. According to this view, the simultaneous 
appearance of the signal in the frontal and pre- 
frontal leads depends on the conduction of the 
wave complex from its origin, say area 5 of the 
right hemisphere, to the corresponding area of 
the left hemisphere via the corpus callosum and 
the subsequent rapid bilateral conduction to the 
frontal and prefrontal areas by way of the mul- 
tiple callosal pathways. This possibility may be 

7. McCulloch, W. S., and Carol, H. W. : Cortical 
Origin and Distribution of Corpus Callosum and An- 
terior Commissure in the Monkey, J. Neurophysiol. -4; 
555 (Nov.) 1941. 

8. Dusser de Barenne, G. S., and McCulloch, W. S. ; 
Functional Organization in the Sensory Cortex of the 
Monkey, J. Neurophysiol. 1:69 (Jan.) 1938. 


leads. The possible explanation based on the 
assumption of an occipitoparietal focus can there- 
fore be regarded as untenable. A somewhat 
similar mode of spread might be suggested based 
on the supposition that the initial focus was in 
the temporal area and that the petit mal signal 
was conducted through the anterior commissure 
to the opposite hemisphere and then spread for- 
ward by means of intrahemispheric axon paths. 
This proposal may be disposed of, since figure 3 
shows that the petit mal signal may appear 
simultaneously in the right and the left prefrontal- 
frontal leads but only in the left precentral-tem- 
poral lead. 

Since other possible modes of spread of the 
spike and wave signal from the cortical focus 
liave been shown to be incompatible with the 
electroencephalographic data available for this 
patient, it is concluded that the initial focus in 
this particular subject is subcortical. The pro- 
posal that in general petit mal epilepsy origi- 
nates at a subcortical level receives support from 
a considerafion of the time of onset of the spike 
and wave sequence as measured in the electro- 
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encephalograms of a group of patients examined patients and 3 sequences for the other, it might 
at the laboratory. be supposed that if a greater number of attacks 

Simiiltaneons Onset of the Spike and Wave been recorded simultaneity of onset might 

Pattern in Multiple Leads . — Study of the time of have been demonstrated for these patients, 

onset of the spike and wave signal at cortical sites may therefore be said that for 18 of 21 patients 
at a distance from each other was carried out by sequences could be selected showing a simul- 
analysis of 275 distinct sequences in the records taneous appearance of the spike and wave signal 
obtained from 21 patients with petit mal epilepsy. leading arrangements investigated. 

The records of 13 patients showed a simul- Figure 4 shows records of the petit mal 

taneous onset of the signal in all leads employed sequences for 3 patients and demonstrates the 

and for all sequences recorded. The records of simultaneous appearance of the signal in multiple 
6 patients showed a simultaneous 'onset in some lead sets. In figure 4 A the appearance of the 



Fig. 4. — Record showing the simultaneous onset of the spike and wave complex in multiple leads of the electro- 
encephalogram, arranged as shown in the diagrams. Simultaneous coordinates are shown at the right margin. 
Calibrations of amplitude are designated by the horizontal lines on the pen coordinates. 

of the sequences and delayed appearance in one petit mal sequence is shown to occur about one 
or more leads in other sequences. For 5 of the 6 second after the beginning of the record. If the 
patients it was found that with any given leading simultaneous ordinates shown at the right of the 
arrangement in which appearance of the signal figure are considered, it can be seen that the 
was delayed in one or more leads in a particular initial spike is simultaneous in all four bipolar 
sequence, another sequence could be discovered leads. Leads 1 and 2 show' an in-phase slow 
■which sho-sved simultaneous appearance of the wave ; leads 3 and 4, an out-of-phase slow -wave, 
signal in all leads. Of the entire group of 21 This finding taken alone is compatible with the 
patients, the records of 2 show'ed delayed appear- assumption of either (a) a single source located 
ance of the signal in one or more leads for all centrally with respect to the uppermost but- 
the sequences recorded. Since there were avail- tons of each pair of leads or (&) a greater ampli- 
able for study only 1 sequence for 1 of these tude of signal at the uppermost buttons, although 
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the petit mal complex appeai*ed simultaneously 
in all areas from which leads were taken. It is 
probable that the latter assumption is the correct 
one. since another record obtained from this 
patient, using monopolar leads from the same 
areas of the scalp, showed the simultaneous 
appearance of the petit mal signal in all leads. 
Figure 4 B demonstrates simultaneity of onset 
with a monopolar system of leading. "Records 
with bipolar leads, which were also taken on this 
patient, showed simultaneous appearance of the 
spike and wave signal in all leads. 

Figure 4 C shows the beginning of a petit mal 
sequence as recorded from buttons placed only 
3 cm. apart. When the differences in potential 
from points so close together are recorded and 
scalp leads are ••used, rather small excursions of 
the pen are to be expected. For this reason it is 
difficult to distinguish the first spike and wave in 
lead 2. Examination of the original record 
enables one to distinguish a small spike in lead 2 
which occurs simultaneously with the first spike 
in leads 1 and 3. The tracings in C have been 
included since, with such a short distance between 
leads, the electrical condition would favor the 
recording of differences of potential originating 
from the cortex as distinct from differences in 
potential arising from deep cortical or subcortical 
regions. 

The simultaneity of onset of the spike and 
wave pattern as recorded from relatively distant 
scalp leads has been noted in the literature 
(Gibbs and Gibbs,® Jasper,^® pages 412 and 425). 
The observation is presented in this paper in 
order to examine its meaning in relation to the 
site or origin of petit mal epilepsy. 

If the electroencephalogram permitted the 
measurement of the time of onset to within a milli- 
second and showed simultaneous initial spike 
and wave signals at a number of widely separated 
points, the possibility of a discrete cortical origin 
could be dismissed at once. Unfortunately, the 
first condition was not satisfied,' for at least two 
reasons ; ( 1 ) The fast paper speed of 4 cm. per 
second, even with the greatest cai'e in the deter- 
mination of simultaneous coordinates of the dif- 
ferent pens, did not permit the estimation of 
time much closer than to ± 10 milliseconds; (2) 

I the shape of the spike and wave complex as 
recorded from scalp leads is sufficiently rounded 
and distorted by local leading conditions as to 
j make it difficult to select any point of the com- 
^ plex for which simultaneity to within 1 milli- 

9. Gibbs, F. A., and Gibbs, E. L. ; Atlas of Electro- 
' encephalography, Cambridge, Mass., Lew A. Cummings 
; Compan}', 1941, p. 221. 

! 10. Jasper, H. H. ; Electroencephalography, in Pen- 

I field and Erickson,^ chap. 14. 

I 


second could be determined, even though cathode 
ra}' technic was used. 

Since the figures in the text establish coin- 
cidence only to about ±10 milliseconds, they 
may be regarded as evidence for the noncortical 
origin of the petit mal complex only if it can be 
shown that the rate of spread of the dysrhythmia 
from a cortical focus would be expected to be 
slow in terms of the minimum measurable time 
difference. 

‘Repetitive cortical dysrhythmias produced in 
monkeys as an after-discharge, following local 
electrical stimulation of, the cortex (Erickson®), 
show that the time occupied by the march of the 
paroxysmal waves from the artificial cortical 
focus to the farthermost point in the motor strip 
of the opposite hemisphere was of the order of 
seven seconds. Injection of thujone into the 
femoral vein of rabbits (Adrian and Matthews ^^) 
caused a parox 3 ’-smal type of cortical discharge, 
spreading at a rate of about 10 cm. per second. 

The more rapid rates of spread for action 
potential spikes (Curtis and Bard,^® Curtis^) 
which are conducted from one hemisphere to the 
other, -with latencies of ten to forty milliseconds 
as measured from the shock artefact to the wave 
crest, do not apply to the case in hand, since (a)’the 
petit mal complex is not a simple action potential 
spike and (b) in the experiments previously cited 
the spike was conducted via the corpus callosum. 
It has been shown that an intact corpus callosum 
is not a necessary condition for the simultaneous 
appearance of the spike and wave complex at 
comparable loci in the two hemispheres. 

It may therefore be urged that the petit mal 
complex is much more analogous to the slowly 
spreading “after-discharge” waves than to the 
more rapidly conducted spikes and that the deter- 
mination of simultaneity from the measurement' 
of the electroencephalograms is sufficiently ac- 
curate to constitute evidence for the noncortical 
origin of the spike and wave complex. 

COM-MENT 

In the presentation of the experimental data, 
two assumptions have been made without explicit 
acknowledgment, namely, that the petit mal com- 
plex derives from a single focus (without prej- 
udice as to the cortical or the subcortical origin) 
and that the nerve elements in, the cortical layer 
are active in the production of the electrical com- 
plex. 

11. Adrian, E. D., and Matthews. B. H. C. : The 
Interpretation of Potential Waves in the Cortex T 
Physiol. 81:440 (July) 1934. 

12. Curtis, H. J., and Bard, P. : Intercortical Con- 
nections of the Corpus Callosum as Indicated by Evoked 
Potentials, Am. J. Physiol. 126:473 (July) 1939. 
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Unless the first assumption is valid, any con- identity in pattern. Rosenblueth and Cannon” 
sideration of the location of the focus becomes sought to explain the widespread synchronization 
meaningless. An alternative to the origin in a of the self-sustained cortical response by shelving 
single focus is an alteration in the chemical en- that all cortical regions have similar time con- 
vironment of the cortical cells, mediated pre- stants and by postulating a shifting cortical pace- 
sumably by a change in the composition of the maker. According to this view, no single specific 
circulating blood and causing a general response cortical pacemaker exists, and the area which 
of all the cells. ^ fires first discharges over facilitated neurona! 

The simultaneit}'- of, the onset and of the dis- paths to 'all other areas. Without commenting on 
appearance of the signal at loci distant from each the validity of this interpretation, one shoulc 



Fig. 5. — Records A and B illustrate bilateral symmetry of petit mal wave patterns. Record C shows a “dropped- 
out” petit mal wave in leads 1, 3 and 4. 


other makes the latter alternative unlikely. An 
even more powerful argument against this theory 
of the nonspecific genesis of the petit mal waves 
exists in the identity of pattern frequently ob- 
served in bilaterally symmetric leading arrange- 
ments. Figure 5 {A and B ) shows examples of this 

13. Rosenblueth, A., and Cannon, W. B. ; Cortical 
Responses to Electric Stimulation, Am. J. Phvsiol. 135 : 
690 (Feb.) 1941. 


point out that important differences exist be- 
tween the responses which the authors recorded 
after electrical stimulation of the cortex and the 
petit mal sequences under discussion. The syn- 
chronization that is cited by these experimenters 
exists only after the gradual cortical spread of 
the responses has taken place. The synchroniz- 
ation of the spike and wave complexes may 
exist from the very beginning of the cortical 
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response and therefore cannot be said to depend 
initially on facilitated intracortical conduction 
paths. 

Figure 5 C shows a transient exception to the 
commonly observed bilateral symmetry of the 
electrical response. Here the lead from the right 
prefrontal area shows a “dropped-out” wave. 
This is duplicated in the left frontal lead hut not 
in the right frontal lead. It is important to note 
that the wave following the omitted wave appears - 
simultaneously in all four leads. The phenom- 
enon illustrated. in figure 5 B \s suggestive of a 
transient conduction block such that no response 
occurs to one excitation wave proceeding from a 
pacemaker, although the next excitation wave 
passes through. Such a phenomenon would cer- 
tainly not be expected if the local cortical areas 
were responding independently to a chemical 
change of the kind tentatively postulated. 

The second assumption, i. e., that the cortical 
cells in the neighborhood of the leads produce the 
petit mal pattern, as distinct from a condition in 
which the excitation is restricted to a central 
oscillator and the electrical signal is led through 
the cortex, can be less satisfactorily established 
for all cases. There can be no doubt that in 
specific instances the local cortex is producing 
the signal. Such instances include cases in which 
the spike and wave complex does not appear 
simultaneously in all leads or in which the pat- 
terns in two bilaterally symmetric leads are 
transiently dissimilar, as appears in figure 5 C. 

Any general theory of the genesis of the 
paroxysmal discharge associated with petit mal 
epilepsy must therefore take into account the 
apparent simultaneity of onset in distant cortical 
regions, the fact that the corpus callosum is not 
a necessary neural link in the conduction to all 
parts of the cortex and the necessity for the 
existence of some pacemaker in order to synchro- 
nize the discharge and to determine the small 
variations in pattern frequently found, to be 
identical in symmetric leading arrangments. 

If a subcortical pacemaker is postulated for 
all paroxysms of the petit mal type, certain limi- 
tations restrict ‘the choice of a structure in which 
the focus may be tentatively placed. This struc- 
ture must contain projection fibers with a wide- 
spread cortical distribution. The conduction 
paths from the pacemaker to the cortex must be 
approximately equal for all the cortical areas in 
question. The structure must display a degree 
of topical localization, since the recorded dis- 
charge may be confined to a discrete cortical 
locus. The postulated neuronal conduction paths 
cannot include motor neurons as an essential link. 


since no motor phenomena are encountered in the 
usual petit mal attack. 

The thalamus presents itself as a possible site 
for such a pacemaker. It has frequently been postu- 
lated that the thalamus plays an important role 
in the maintenance of the spontaneous electrical 
activity of the cortex. Dusser de Barenne and 
McCulloch ® showed that the spontaneous electro- 
corticogram of the monkey is changed or abol- 
ished after chronic cutting of the corticothalamic 
and thalamocortical fibers. Morison and Demp- 
sey showed that electrical stimulation of the 
thalamus in cats under light anesthesia induced 
with pentobarbital sodium may produce 8 to 
12 per second cortical waves of widespread dis- 
tribution, resembling the normal spontaneous 
cortical waves. 

This observation is evidence that a close func- 
tional connection exists between the thalamus 
and the cortex. That topical representation 
exists in the thalamus is well known. It is, 
therefore, not unreasonable to assume the exis- 
tence of the anatomic framework for the conduc- 
tion of paroxysmal discharge from the thalamus 
to the cortex, with negligible small differences of 
latencies for mutually distant regions of the cor- 
tex. The hypothesis further requires that a 
discrete thalamic pacemaker discharge, that the 
excitation rapidly spread to the site of contra- 
lateral representation in the thalamus and that 
the paroxysmal involvement of such thalamic 
areas as are essential for “total” cortical repre- 
sentation occur before ‘the characteristic spike 
and wave appears in any part of the cortex. In 
this connection, it may be said that Rosenblueth 
and Cannon were unable to produce self-sus- 
tained discharges by electrical stimulation of the 
thalamus in monkeys under anesthesia induced 
with a compound of chloral hydrate and dextrose. 
Dempsey and Morison found, however, that 
a single shock to the medial thalamus of a lightly 
anesthetized cat may produce a burst of 8 to 12 
per second cortical potentials, lasting for two or 
three seconds. It is not clear in this case whether 
the after-discharge should be regarded as solely 
intracortical or intrathalamic as well. There is 
no question that the depth of anesthesia and the 
frequency and strength of the stimuli applied 
•may be important experimental factors in the 
further elucidation of this point. 

14. Morison, R. S., and Dempsey, E. W.; A Study 
of Thalamo-Cortical Relations, Am. J. Physiol. 135:28*1 
(Jan.) 1942; The Production of Rhythmically Recur- 
rent Cortical Potentials After Localized Thalamic 
Stimulation, ibid. 135:293 (Jan.) 1942. 

15. Dempsey, E. W., and Morison, R. S. : The Inter- 
^tion of Certain Spontaneous and Induced Cortical 
Potentials, Am. J. Physiol. 135:301 (Jan.)' 1942. 
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SUMMARY 

The postoperative records of 2 patients with 
nearly complete section of the corpus callosum 
show “petit mal” sequences displaying a simul- 
taneous onset in bilaterally symmetric leads. 
Since conduction between the two hemispheres 
via axon paths in the corpus callosum has been 
destroyed, the existence of a cortical focus cannot 
be assumed in these particular patients. It is 
most likely that in the records of patients without 
section of the corpus callosum in which a similar 
simultaneous onset was displayed, conduction of 


the signal did not occur through the corpus 
callosum and that the source of this signal was 
subcortical in these ’ patients, as well as in the 
patients subjected to operation. 

The thalamus or the hypothalamus is con- 
sidered as a tentative site for the pacemaker of the 
spike and wave complex. 

Radiation Laboratory, Massachusettts Institute of 
Technology. 

Dr. William P. Van Wagenen cooperated in the 
taking of records from the hospital patients used in 
this investigation. 



ELECTROENCEPHALOGRAPHIC STUDY OF PREFRONTAL LOBOTOMY 

A STUDY OF FOCAL BRAIN INJURY 
LIEUTENANT ROBERT COHN (MC), U.S.N.R. 


Because of the high incidence of head wounds 
(and resultant cerebral damage) sustained by 
casualties in the war, present interest in the 
study of injury to the brain has become great. 
Clinical studies, in which the electroencephalo- 
gram was used as an indication of disturbance in 
cerebral physiology following cranial lesions, 
have been extensively reported.^ 'Much experi- 
mental laboratory work has been done to support 
and supplement these clinical data.^ Despite the 
general excellence of these studies, many prob- 
lems remain for solution because of the defi- 
ciencies inherent in the methods employed. The 
most apparent defect in the clinical work is that 
few of the subjects were known to the investi- 
gators prior to the post-traumatic study. In the 
experimental work animals were used as sub- 
jects; consequently, the results were not directly 
applicable to the phenomenon of cerebral injury 
as seen in man. 

The electroencephalographic work presented 
in this report was carried out in conjunction with 
therapeutic prefrontal lobotomy.® The impor- 
tance of this work to the general study of injuries 
to the brain becomes apparent when one con- 
siders the following conditions : 

1. Controlled, well circumscribed and clearly 
defined lesions of the brain were produced. 

2. Fifteen subjects were studied before and 
for a year or more after injury to the brain. 

3. All studies were on human beings. 

From the Blackburn Laboratory, St. Elizabeths 
Hospital, Washington, D. C. 

This work was aided in part by a grant from the 
Supreme Council, Thirty-Third Degree Scottish Rite, 
Masons of the Northern Jurisdiction, U. S. A. 
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In this discussion on prefrontal lobotomy no 
attempt will be made to evaluate the clinical 
effectiveness of the method in the treatment of 
the psychoses.^ The only concern is: What 
is the electroencephalographic evidence of cere- 
bral damage, and in what way can such knowl- 
edge be utilized in the 'interpretation of electro- 
encephalograms in cases of less precisely placed 
lesions (accidental trauma) ? 

METHOD 

This report is based on the study of 30 human beings 
(civilians) with various psychiatric conditions, whose 
ages ranged from 20 to 65 years. Each subject under- 
went bilateral therapeutic prefrontal lobotomy.^ 

To date, a record has been taken from each subject 
every three to four months subsequent to the operation. 
Fifteen patients had electroencephalographic recordings 
only after the cerebral injury (operation). For the 
latter group the elapsed time from operation to recording 
ranged from one month to six years. 

All tracings were made with a Grass three channel 
electroencephalograph. 

RESULTS 

The anatomic existence of a primary focal 
lesion was obvious from the nature of the opera- 
tion.^ However, that the electrical pathophy- 
siologic response was also focal had to be demon- 

4. Prefrontal lobotomy in the patients under con- 
sideration was performed by Watts and Freeman 
(J. Internat. Coll. Surgeons 5:233-240 [May-June] 
1942), through burr holes in the coronal suture. 
The cortex was punctured in an avascular area close 
to the junction of Brodmann areas 9, 44, 45 and 46, 
and the subcortical white matter was severed rather 
completely in the plans of the coronal suture. This 
separated the frontal pole, comprising areas 9, 10 and 
46 on the lateral surface and area 32 on the mesial 
surface, from the rest of the brain. The incisions 
seldom went down so far as to undercut areas 10, 11 
and 12, at the base of the frontol lobe, or up so far 
as to affect area 8 to any notable degree. The surgeon 
attempted to avoid injury to the cortex both to prevent 
bleeding and to diminish likelihood of subsequent epi- 
leptic seizures. 

In several of the cases reported here, secondary 
operations were performed through burr holes placed 
3 cm. from the midline and 1 to 1.5 cm. behind the 
coronal suture, the subcortical incisions being made 
close to the junction between areas 6 and 8. Freeman 
and Watts (personal communication to the author) 
have observed a high incidence of epileptic seizures 
in patients undergoing secondary operations.— Walter 
Freeman. 
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strated. This was -accomplished, as shown in 
figure 1. In this recording electrodes were 
radially arranged in four - straight rows arotind 
one burr hole. The first electrode in each row 
was placed 3^ inch (1.27 cm.) from the margin 
■ of the defect in the skull. Each succeeding elec- 
trode was separated 1 inch (2.5 cm.) from its 


abnormal electroencephalographic response to 
prefrontal lobotomy was focal (frontal), in con- 
formity with the anatomic lesion. 

In all subjects, from whom records were taken 
within ten days after operation, high voltage 
slow wave discharges were observed in the sym- 
metric frontal leads (fig. 2). The frequency 




Fig. 1. — Focal electroencephalographic response to focal injury to the brain. The maximum abnormality is in 
the most rostral leads. 
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Fig. 2. — Typical electroencephalogram after prefrontal lobotomy. Moderate slow wave activity usually persist.'; 
in the region of structural damage. 


predecessor. All leads were taken with respect 
to the right ear. It was observed that the 
greatest number of high voltage slow waves were 
in the most rostral parasagittal leads; as one 
proceeded caudally and paracoronally, the prom- 
inence of the low frequency activity decreased. 
Hence it was established that the “immediate” 


ranged from 2 to 4 waves per second. In this 
same group, usually within one to three months 
after operation, the prominent low frequency 
oscillations were replaced with short sequences 
of 6 per second waves of reduced amplitude. In 
most subjects this low intensity abnormality per- 
sisted as a subdominant characteristic as long as 
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recordings were made. The variations in 
parietal and occipital potentials maintained their 
preoperative frequency, but usually developed 
greater prominence (higher voltage) after opera- 
tion. 

In 3 subjects from whom recordings were ob- 
tained with frontal leads within a month after 
operation no evidence of abnormal wave forms 


Certain subjects (fig. 4) who within a rela- 
tively short time after operation showed only 
medium voltage slow waves, primarily in trans- 
verse leads, later exhibited prominent and per- 
sistent high voltage, approximately 4 per second 
waves in all frontal derivations. 

For 1 subject (fig. 5) from whom no pre- 
operative records were obtained, a postoperative 
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Fig. 3. — Enhancement of alpha activitj' following prefrontal Idbotomy. Slow wave discharges during “sleep” 
are observed in the tracings in the lower right portion of the figure. 


was recognized. Figure 3 shows portions of the 
electroencephalogram of 1 of these patients. 
It was seen that the preoperative high frequency 
pattern was replaced after the operation by en- 
tirely normal-appearing alpha waves. About 
nine months later, however, there was a regres- 
sion to the high frequency pattern of the control 
type. A second lobotomy, ten months after the 
first, again failed to produce any abnormal 
electric response. This phenomenon of no 
demonstrable change in the electroencephalogram 
following injury to the brain raised the question 
whether slow wave activity could develop in such 
a brain. That no delta wave-inhibiting mecha- 
nism was active in this particular subject at 
least was beautifully shown in the low frequency 
discharges associated with moderatel)’- deep 
“spontaneous” sleep (group of waves in lower 
right portion of figure). 


CONTROL Lofaolomy 5-11-42 

2 5-0-42 

I SCCONO 
I 20 pV 

>jV/UWv\ 

Fig. 4. iloderately abnormal electroencephalogram 
five weeks after lobotomy (most prominent in the trans- 
verse frontal lead). Slow wave discharges dominated 
the output of potential approximatelv one vear after 
operation. 
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tracing (one month after the second lobotomy) 
showed some slow discharges in the frontal leads, 
ranging in duration from one hundred and sixty 
to two hundred and fift}' milliseconds. Nearly 
five months after the electroencephalographic 
recording he had a clinical epileptic seizure. An 
electroencephalogram taken six weeks after the 
convulsion showed a dominant delta wave pat- 
tern in the frontal regions. 

Hyperventilation was used as a routine pro- 
cedure only in the later preoperative and post- 

AFTER CONVULSION 


Of the 15 patients from whom no pi'eoperative 
records were taken, it' was observed that 10 
showed pronounced electroencephalographic ab- 
normalities even four to six years after injury 
to the brain (operation). Patient EC (fig. 7) 
clearl}’^ presented generalized abnormality in the 
electroencephalogram, with the maximum ab- 
normality in the right frontal area. In the record 
for AH, in the same figure, approximately 1)4 
per second waves (i. e., 3 waves in two seconds), 
completely dominated the potential output of the 
frontal region. In the other 5 subjects, for whom 
the interval after operation ranged from two to 
six years, a potential of relatively high frequency 
characterized the tracing (fig. '7, EA). Pre- 
dominantly' the oscillations were random in fre- 
quency'; however, trains of rhythmic, approxi- 
mately' 20 per second waves were occasionally 
observed. 


BEFORE CONVULSION 
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Fig. 5. — Before the onset of convulsive disorder 
abnormally slow waves were subdominant. After the 
seizure slow activity was prominent. 


COMilEXT 

It has been shown that the common “im- 
mediate” electroencephalographic response of the 
brain to a focal injury is maximum slow wave 
activity in that region. Within a variable in- 
terval, one to three months, most subjects show 
a definite diminution of abnormal discharges of 
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Fig. 6. — Effect of cerebral injury (operation) on response to h 3 'perventilation. 


operative recordings. Figure 6 shows samples 
from such a tracing. Before the lobotomy deep 
breathing for two minutes had no appreciable 
efifect on the characteristic output of potential. 
After the surgical injury to the brain one ob- 
served in the “spontaneous” record, low voltage, 
nonsinusoidal, slow' waves in the symmetric 
fronto-occipital leads. Moderate baseline sw'ing- 
ing was also seen in the control pattern. Tw'o 
minutes after the onset of overventilation prom- 
inent sequences of delta waves dominated the 
record. 


potential over the damaged area of the brain. 
Furthermore, for the lobotomized patient it has 
been shown that in the presence of minimal 
abnormal activity' in the “spontaneous” record 
hy'perventilation greatly' accentuates the low fre- 
quency' characteristic of the electroencephalo- 
gram. These results conform to and confirm, 
in all essentials, the electroencephalographic find- 
ings in the record of the majority' of patients with 
acute head injuries. 

Before the true import of prefrontal lobot- 
omy as an experiment in controlled injury' 


COHN— PREFRONTAL LOBOTOMY 


287 


to the brain was recognized, it was difficult to 
evaluate properly the marked focal or general 
abnormalities in the records of patients with a 
history of old head trauma. The question always 
arose as to whether the electro encephalographic 
abnormality was a direct result of the cerebral 
insult or an expression of a pretraumatic phy- 
siologic (epileptoid) disturbance. As is evident 
in the work presented, old cerebral lesions do 
give rise to focal and general electroencephalo- 
graphic changes; consequently, the presence of 
prominent electroencephalographic abnormalities 
with old head injuries must be considered pri- 



Lobo^omy 
3 - 31 - 37 





In each instance pronounced slow activity did 
not appear until after the onset of a clinical 
convulsive disorder. If one allows the assump- 
tion that the slow waves came on concomitantly 
with or just previous to the seizure, then the 
hypothesis of Gibbs, Gibbs and Lennox “ that 
cerebral dysrhythmia is the cause of the epi- 
lepsies appears to be confirmed. The absence 
of any seizures in other subjects with pronounced 
focal and general electroencephalographic ab- 
normalities, such as AH and EC, whose records 
appear in figure 7, EF whose records appear in 
figure 4, and others not shown, strongly indi- 





Fig. 7. — EC, electroencephalogram showing generalized abnormality nearly six years after operation; AH, 
prominent slow wave activity three years after operation (all possibility of artefact potentials has been carefully 
excluded) ; EA, random high frequency oscillations six years after cerebral damage. 


marily as causally related to the cerebral damage 
unless pretraumatic tracings were made. 

A further important fact pertaining to brain 
injury emerged from the studies on prefrontal 
lobotomy, namely, that even in the presence of 
known cerebral damage (acute and chronic) 
electroencephalographic abnormalities may be 
minimal or absent. As shown in figure 3, cer- 
tain normal characteristics may actually be en- 
hanced after injury to the brain. 

The electroencephalographic phenomenon seen 
in the case of iMO (fig. 5) was earlier observed 
by me in 2 cases of bullet wounds of the brain. 


cates, however, that the cerebral dysrhythmia is 
not the cause, but is one factor (or sign) in the 
development of convulsive states, and that an ill 
defined constellation of variables, not yet clearly 
recognized, must interact in order to give expres- 
sion to the syndrome of the clinical epilepsies. 

In recent years the importance of hypogly- 
cemia for the development of slow wave activity 
during hyperventilation has been heavily empha- 


X . , vjiuui, c.. L., ana nennox, W. G. : 

Epiieps3’; Paroxysmal Dysrhythmia, Brain 60:377-388 
(Dec.) 1937. Lennox, W. G.: The Drug Therapy of 
Epilepsy, J. A. M. A. 114:1347-1356 (April 6) 1940. 
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sized.® The results shown in figure 6 force- 
full}' bring out the fact that injury to the brain 
(neuronal disturbance) is an important factor 
in the production of slow waves during the 
process of deep breathing. This clear finding 
thus makes it necessary partially to deemphasize 
the role of blood sugar in the production of slow 
Avaves during overventilation and to weigh the 
relative importance of neuronal damage and ele- 
mentary metabolic disturbances in each individ- 
ual case under study. 

The persistent low frequency activity observed 
as a late phenomenon of prefrontal lobotomy 
I'aised the question whether damage of sub- 
cortical gray masses influenced the production 
of these abnormal potential changes. With 
thorium dioxide or iodized oil as the contrast 
medium in the path of the leukotome section, 
roentgenographic studies by Dr. Walter Free- 
man showed involvement of the caudate nucleus, 
unilateral and bilateral, in several subjects. 
However, no definite correlation between slow 
wave activity and injury to the striate body was 
observed. In the 1 case of this series in which 
autopsy was performed a gross lesion in the right 
caudate nucleus was observed. This patient’s 

6. Davis, H., and Wallace, W. M. : Factors Affect- 
ing Changes Produced in Electroencephalogram in 
Standardized Hyperventilation, Arch. Neurol. & Psy- 
•chiat. 47:606-625 (April) 1942. 

7. Kennard, H. A., and Nims, L. F. : Effects on 
Electroencephalogram of Lesions of Cerebral Cortex 
and Basal Ganglia in Macaca Mulatta, J. Neurophysiol. 
5:335-348 (Sept.) 1942, 


tracing was characterized by a random high fre- 
quency pattern and showed no focal or general 
slow wave discharges. 

CONCLUSIONS AND SUMMARY 

1. The primary electroencephalographic re- 
sponse of the human brain to localized injury 
(prefrontal lobotomy) is the production of focal 
slow waves. These may or may not persist. 

2. With lobotomized patients the return of the 
electroencephalographic pattern to a relatively 
normal pattern usually requires one to three 
months. • 

3. Certain persons show no demonstrable re- 
sponse to cerebral injury under the conditions 
of these experiments. 

4. A representative group of subjects show 
apparent normal early recovery and then again 
exhibit grossly abnormal variations in potential 
in the region of the original injury. At times the 
abnormality may be general. 

5. Hyperventilation after cerebral injury in- 
duces pronounced slow wave activity in brains 
that before injury were uninfluenced by a similar 
procedure. 

6. Of the present group of 30 patients, 1 had 
clinically recognized convulsions. 

7. The aforementioned phenomena are gen- 
eral and thus apply to injury to the brain from 
other traumatic agents. 

Dr. Walter Freeman and Dr. James W. Watts 
cooperated in this study. — 



TRANSTENTORIAL HERNIATION OF THE BRAIN STEM 


A CHARACTERISTIC CLINICOPATHOLOGIC SYNDROME; PATHOGENESIS 
OF HEMORRHAGES IN THE BRAIN STEM 

I. MARK SCHEINKER, M.D. 

CINCINNATI 


While death due to medullary compression 
associated with herniation of the cerebellar ton- 
sils has long been known, relatively little atten- 
tion has been paid to the sequela of compression 
of the brain stem caused by herniation of the 
stem through the tentorial opening. In 1920 
Meyer called attention to medial displacement 
and herniation of the hippocampal gyrus into 
the tentorial incisura in cases of space-consum- 
ing intracranial lesions. The subject was later 
elaborated by van Gehuchten,^ Jefferson,^ Reid 
and Cone,^ Moore and Stern ^ and Smyth and 
Henderson.® All these contributors have amply 
demonstrated that space-consuming lesions may 
cause appreciable herniation of the hippocampal 
gyrus of the temporal lobe into the potential 
space that lies directly above and between the 
free edges of the tentorium cerebelli and the 
brain stem. 

The same type of herniation has been re- 
cently observed by Schwarz and Rosner ° in 100 
cases of supratentorial space -consuming lesions. 
The clinicopathologic relations were studied in 
43 selected cases. These authors frequently 
observed the following signs and symptoms : 
fluctuation in the state of consciousness; ani- 
socoria, with or without dysfunction of the 
pupillary light reflexes ; imbalance of extra- 

From the Laboratory of Neuropathology, Cincinnati 
General Hospital, and the University of Cincinnati 
College of Medicine. 

1. van Gehuchten, P. ; Le mecanism de la mort 
dans certains cas de tumeur cerebrale, Encephale 2: 
113, 1937. 

2. Jefferson, G. : The Tentorial Pressure Cone, 
Arch. Neurol. & Ps 3 xhiat. 40:857 (Nov.) 1938. 

3. Reid, W. L., and Cone, W. V.: Mechanism of 
Fixed Dilatation of the Pupil Resulting from Ipsilateral 
Cerebral Compression, J. A. !M. A. 112:2030 (May 20) 
1939. 

4. Moore, M. T., and Stern, K. : Vascular Lesions 
in the Brain Stem and Occipital Lobe Occurring in 
Association with Brain Tumors, Brain 61:70, 1938. 

5. Smyth, G. E., and Henderson, W. R. : Obser- 
vations on the Cerebrospinal Fluid Pressure on Simul- 
taneous Ventricular and Lumbar Punctures, J. Neurol. 
& Psychiat. 1:226, 1938. 

6. Schwarz, G. A., and Rosner. A. A.: Displace- 
ment and Herniation of the Hippocampal Gj'rus 
Through the Incisura Tentorii, Arch. Neurol. & 
Psychiat. 46:297 (.A.ug.) 1941. 


ocular muscles; cardiorespiratory and thermo- 
regulatory disturbances; paradoxic and shifting 
signs of involvement of the pyramidal tracts ; 
decerebrate rigidity, and stiffness of the neck. 
These signs and symptoms occurred irregularly 
and were exaggerated b)!^ lumbar puncture, 
encephalographic and ventriculographic pro- 
cedures or craniotomy. 

In a recent, study ^ attention was called to the 
occurrence of the same type of herniation in 
cases of epidural and subdural hematoma. It 
was demonstrated that the shift of the temporal 
lobe and the associated hippocampal herniation 
were not the result solely of the . space-consum- 
ing action of the hemorrhage but were con- 
tributed to by the edematous increase in bulk of 
the traumatized cerebral hemisphere. 

It is the purpose of this study to demonstrate 
that the gravity of the clinical syndrome is not 
the result solely of the herniation of a relatively 
small portion of compressible tissue, such as the 
hippocampal gyrus of the temporal lobe ; a much 
more important element is the frank herniation 
of the rostral portion of the brain stem through 
the tentorial opening, associated with edema and 
hemorrhages in the midbrain. This pathologic 
condition should therefore not be designated 
merely as “hippocampal herniation” or “tem- 
poral pressure cone” but, rather, should be called 
“transtentorial herniation of the brain stem.” It 
will be showm that transtentorial herniation of 
the brain stem occurs with different types of 
cerebral lesions, irrespective of their cause, and 
that it is accompanied by the development of 
severe edema and hemorrhage in the brain stem. 
The character and severity of the lesions in the 
midbrain, as well as their distribution, are in- 
fluenced primarily by the degree of compression 
of the larger veins of the brain stem and the 
extent of interference with venous outflow. 

It is the hope that this pathologic study will 
furnish a broader basis for a clinical and physio- 
logic approach to the problems involved. 

7. Evans, J. P., and Scheinker, 1. M. : Histologic 
Studies of the Brain Following Head Trauma: HI. 
Post-Traumatic Infarction of Cerebral Arteries, with' 
Consideration of the Associated Clinical Picture, Arch. 
Neurol. & Psychiat. 50:258 (Sept.) 1943. 
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MATERIALS AKD METHODS 

This report is based on the study of 55 cases of 
transtentorial herniation of the brain stem, which may 
be classified under the following heads : 

A. Cerebral vascular disease 

1. Massive cerebral hemorrhage 

(a) In association with arterial hypertension 
(fc) In association with cerebral arteriosclerosis 

2. Cerebral softening due to vascular occlusion in 
association with cerebral arteriosclerosis 

B. Trauma 

C. Space-consuming lesions 

1. Brain tumor 

2. Brain abscess 

PROTOCOLS 

A. CEREBRAL VASCULAR DISEASE 

MASSIVE CEREBRAL HEMORRHAGE DUE TO ARTERIAL 
HYPERTENSION 

Case 1. — A. T., a woman aged 48, was first admitted 
to the hospital on Jan. 8, 1943 with a history of severe 
pain in the left ej'e and gradual loss of vision. Exani- 
inatioh gave normal results except for advanced hyper- 
tensive retinopathy. The blood pressure was 200 sys- 
tolic and 120 diastolic. 

The patient was readmitted to the hospital on April 
14. 1943, in profound coma. The blood pressure was 
225 systolic and 140 diastolic. The right pupil was 
dilated and reacted slowly to light. Advanced papill- 
edema in the right eye was associated with numerous 
retinal hemorrhages. 

Spinal puncture disclosed an initial pressure of 550 
mm. of water. The fluid was grossly bloody. The 
patient died on the day of admission. 

Necropsy revealed myocardial hypertrophy and car- 
diac dilatation associated with arteriolar nephrosclerosis. 

Examination of the brain showed fulness of the right 
hemisphere, especially evident in the right temporal 
lobe. There was a well defined indentation in the 
herniated and swollen uncus on the right side, and the 
brain stem was shifted to the left. 

Coronal sections through the cerebrum revealed mas- 
sive intracerebral hemorrhage in the right cerebral 
hemisphere, with rupture into the ventricular system. 
Figure 1 demonstrates the hemorrhage and the pro- 
nounced swelling of the right hemisphere and the right 
half of the brain stem, associated with shift of the 
midline structures downward and to the left. There 
were scattered areas of small hemorrhages in the brain 
stem and the pons. The right half of the brain stem 
appeared softened and swollen (fig. 1). 

Histologic examination disclosed vascular lesions 
typical of hj’pertensive encephalopathy and pronounced 
thickening and hyalinization of the arterioles and capil- 
laries, with narrowing or obliteration of their lumens. 
^’’an Gieson preparations showed proliferation of the 
pericapillary connective tissue fibrils. 

In the gray and white substance of both hemispheres 
were diffusely scattered foci of tissue disintegration, 
which consisted of small areas of rarefaction and soft- 
ening associated with a slight degree of glia cell pro- 
Jiferation. In some areas there was to be seen a more 
extensive and severe form of destruction, associated 
with formation of small areas of cystic softening. The 
majoritj- of these foci suggested a perivascular dis- 
tribution. 


Sections taken from the scattered small hemorrhagic 
areas of the brain stem and pons showed coalescent, 
small hemorrhages, most of which disclosed clearly 
their relation to tremendously congested veins (fig. 2). 
The vessel wall revealed all degrees of disintegration; 
in some of the perivenous hemorrhages only the shadow 
of the wall was to be seen in the center. In the 
vicinity of almost all the hemorrhages the- tremendously 
engorged veins were surrounded by large masses of 
extravasated red blood cells, e.xtending into the dis- 
tended perivascular spaces. 

The nerve parenchyma showed a high degree of 
rarefaction and edema, especially pronounced in the 


Fig. 1 (case 1). — Massive intracerebral hemorrhage 
with pronounced swelling of the right hemisphere. 
Note the swelling and softening of the right half of 
the brain stem, with shift of the midline structures 
downward and to the left, and scattered areas of small 
hemorrhages in the brain stem and pons. 

vicinity of the hemorrhages. There was no glial or 
mesodermal reaction to be seen in the areas of hem- 
orrhage. 

massive CEREBRAL HEMORRHAGES ASSOCIATED WITH 
CEREBRAL ARTERIOSCLEROSIS 

Case 2. — M. S., a white woman aged 72, was ad- 
mitted to the hospital in coma. She was apparently 
in good health until two weeks before admission, when 
she acquired a cold. On the day of entrance to the 
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hospital she was found lying on the floor, unconscious. 
Examination on admission showed equally dilated, fixed 
pupils, gasping respiration and an enlarged heart. The 
systolic blood pressure was 56 mm.; the diastolic pres- 
sure was not measurable. The patient died three hours 
after admission to the hospital. 

Necropsy revealed arteriosclerosis, with coronary and 
aortic atherosclerosis, focal fibrosis of the myocardium 
and acute cardiac dilatation. 

Examination of the brain revealed prominence and 
fulness of the right parietal lobe. The inferior surface 
showed a striking fulness of the right temporo-occipital 
region and shift of the optic chiasm and peduncles to 
the left. There was a broad uncal herniation on the 


swelling and tissue rarefaction. The corresponding 
half of the brain stem showed loss of myelin sheaths 
(fig. 4) and the presence of diffusely scattered, numerous 
petechial hemorrhages, localized chiefly about tremen- 
dously congested small veins ; the most lateral portion 
of the left peduncle showed a small area of necrosis 
(fig. 4), probably due to mechanical compression (Ker- 
nohan’s notch). 

CEUEBRAI, SOFTENIXG DUE TO VASCULAR OCCLUSION 
■ IN CASES OF CEREBRAL ARTERIOSCLEROSIS 

Case 3. — M. B., an obese woman aged 60, was ad- 
mitted to the hospital because of paralysis of her left 
extremities, which had developed two hours previously. 



Fig. 2 (case 1). — Perivenous hemorrhage in the brain stem. Note the venous congestion and the disintegra- 
tion of vessel walls. Hematoxylin-eosin stain; X 125. 


right side, measuring 2 cm. in length and 1 cm. in 
width. Coronal sections through the hemispheres re-, 
vealed an extensive hemorrhage, involving chiefly the 
right temporoparietal region and extending into th’e 
lateral portion of the basal ganglia. There was a 
striking shift and compression of the ventricular system 
(fig. 3). The brain stem was distorted, and the aque- 
duct was displaced sharply to the left. The right half 
of the brain stem was swollen, and its appearance sug- 
gested an early stage of softening. The central portion 
showed a grayish black discolpration, and numerous 
small hemorrhages were present. 

^Microscopic examination revealed far advanced ar- 
teriosclerosis. The right half of the midbrain presented 


Examination on admission revealed a stuporous, semi- 
comatose condition and Cheyne-Stokes respiration. The 
pupils were small, equal and slightly irregular and did 
not react to light. There were bilateral ptosis and 
flaccid paralysis of the upper and lower extremities 
on the left side. 

The cerebrospinal fluid was slightly xanthochromic, 
with an initial pressure of 200 mm. of water. It con- 
tained 361 red blood cells per cubic millimeter and 
29 mg. of protein per hundred cubic centimeters. The 
Wassermann reaction was negative. The patient died 
two daj's after admission. 

Necropsy revealed pulmonary edema, to.xic myocar- 
dosis and cardiac hypertrophy and dilatation. 
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Examination of the brain disclosed a tremendous 
fulness of the right frontoparietal region, with evidence 
of softening. Inspection of the under surfaces of the 
brain revealed a' sharp shift of the peduncles to the 
left, with displacement of the corpora mamillaria. The 
right middle cerebral artery was occluded by a throm- 
bus, adherent to the vessel wall. 

Coronal sections through the hemispheres revealed 
infarction of the right hemisphere in the area of dis- 
tribution of the right middle cerebral arteVy. The 
entire right hemisphere was swollen and soft to touch. 
The right lateral ventricle was obliterated (fig. 5). 
There were numerous small hemorrhages in the peri- 



Fig. 3 (case 2). — Extensive massive hemorrhage in- 
volving the right temporoparietal region and the lateral 
portion of the right basal ganglia. Note the extreme 
swelling of the right hemisphere, associated with shift 
and compression of the ventricular system, and the 
swelling and hemorrhagic softening of the right half 
of the brain stem, with displacement and compression 
of the aqueduct of Sylvius. 

aqueductal region and in the lateral portion of the 
left superior colliculus. The right half of the mid- 
brain appeared broader and was somewhat soft to 
touch. In tlie pons extensive hemorrhage involved the 
crossing fibers and extended dorsally into the right 
brachium pontis. 

Microscopic e.xamination of the brain stem and pons 
disclosed edema and congestion. There were small 


hemorrhages, which, with few exceptions, were present 
about tremendously congested veins, the walls of which 
had undergone almost complete disintegration. Near 
the periphery of the hemorrhages were numerous con- 
gested veins and capillaries. The perivascular Spaces 
were distended with extravasated blood and serous 
fluid. 

B. TRAUMA 

Case 4. — W. R., a man aged 56, sustained a slight 
laceration of the scalp when struck on the head by 
the hook of a < traveling crane, in May 1938. Subse- 
quently, headache of increasing intensity developed. On 
the morning of Aug. 24, 1938 he was admitted to the 
hospital, at which time neurologic examination was 
reported to reveal nothing significant. That after- 
noon, however, he became comatose. Examination then 
showed small, fixed pupils and rigidity of the extremi- 
ties, which was more pronounced on the right side. 
Lumbar puncture revealed an initial pressure of 260 mm. 
of water. The coma deepened. Burr openings placed 
bilat^ally in the occipital area revealed a subdural 



Fig. 4 (case 2). — Loss of myelin sheaths in the 
swollen half of the brain stem. Note the dow'mvard 
displacement and compressibn of the left peduncular 
region, and the small area of necrosis, probably due 
to mechanical compression (Kernohan’s notch) in the 
lateral portion of the left peduncle. Loyez stain for 
mj'elin sheaths. 

hematoma on the left side, and about 50 cc. of a 
reddish browm fluid rvas released, under considerable 
pressure. Consciousness was not regained. The pa- 
tient died on the morning of August 25. 

The pertinent lesions in the brain are illustrated in 
figure 6. There was fulness of the entire left hemi- 
sphere. This was especially pronounced in the temporal 
and occipital lobes because of the presence of hemor- 
rhagic infarction in the distribution of the left posterior 
cerebral artery. There resulted compression of the left 
lateral ventricle and shift of the midline structures to 
the right. Figure 6 B illustrates the hemorrhages in 
the midbrain and pons. 

^Microscopic examination of the brain stem revealed 
changes similar to those described in the preceding 
cases. 
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C. SPACE-CONSUMING LESIONS 
BRAIN TUMOR 

Case 5. — C. B., a man aged 44 , had been well until 
the day of admission, when he began to talk incoher- 
ently and became disoriented. 

Examination revealed inequality of the pupils, which 
reacted briskly to light; slight right hemiparesis, and 
a positive Babinski sign bilaterally. 

The cerebrospinal fluid was slightly xanthochromic 
and was under a pressure of 200 mm. of water; it 



Fig. 5 (case 3). — Infarction of the right .hemisphere 
in the area of distribution of the right middle cerebral 
artery. Note the tremendous swelling of the entire 
right hemisphere, with obliteration of the right lateral 
ventricle, and multiple hemorrhages of the brain stem. 


The lateral face of this hemisphere was partly de- 
stroyed by a large area ”of hemorrhage in the vicinity 
of a brownish black tumor, measuring approximately 
2 cm. in diameter. The under surfaces of the frontal 
and temporal lobes revealed numerous brownish black, 
small tumor nodules. The extreme swelling of the left 
hemisphere resulted in compression of the left lateral 
ventricle and a pronounced shift of the midline struc- 
tures to the right. On the left side was a well defined 
herniation of the uncus. Coronal sections through the 
midbrain revealed diffusely disseminated, small hem- 
orrhages, especially numerous in the periaqueductal 
region and below the floor of the fourth ventricle 
(fig- 7). 

Microscopic examination of the tumor revealed mel- 
anosarcoma. The histologic lesions in sections of the 
midbrain were essentially similar to those in the cases 
already described. Perivenous hemorrhages, congestion 
and edema were predominant features. 

Case 6. — G. O., a man aged 66 , was admitted to 
the 'hospital in coma. Tluring fhe preceding few years 
he had been treated for hypertension. 

Examination disclosed right spastic hemiplegia, with 
weakness of the left side of the face, slight ptosis of 
both upper lids and equality of the pupils, both of 
which reacted normally to light. The fundi were nor- 
mal. There was moderate stiffness of the neck. The 
deep reflexes could not be obtained. The Babinski 
sign was elicited on the right side. 

The cerebrospinal fluid was clear, slightly yellow 
and under a pressure of 250 mm. of water ; it con- 
tained 1 lymphocyte and 3 red blood cells per cubic milli- 
meter and 188 mg. of protein per hundred cubic 
centimeters. The Wassermann reaction was negative. 

One month later the patient died of pneumonia. 

Necropsy revealed hypertensive cardiovascular dis- 
ease, lobular pneumonia and congestion and toxic 
changes in the viscera. 

Examination of the brain revealed a large, fairly 
well circumscribed neoplasm, measuring approximately 
5 cm. in diameter, which involved the lateral portion 
of the left parietal lobe. The adjacent tissue imme- 
diately contiguous to the tumor was softened. The 
left temporal lobe showed a striking herniation of the 
uncus, which had resulted in displacement of the brain 
stem to the right. Coronal sections through both 
hemispheres (fig. 8) revealed tremendous swelling of 
the left hemisphere, with widening of the white matter 
and an extreme shift of the ventricular system to the 
right. Sections through the shifted region of the mid- 
brain disclosed the presence of numerous small hemor- 
rhages in the periaqueductal region and in the vicinity 
of the median raphe (fig. 8). 

Microscopic examination of the tumor revealed a 
glioblastoma multiforme. Sections taken from the white 
matter of the left hemisphere showed a severe degree 
of edema and tissue liquefaction. The predominant 
change in sections from the brain stem consisted of 
treme'ndous congestion and engorgement of the large 
and small veins, associated with numerous coalescent 
perivenous hemorrhages. 


contained 20 lymphocytes and 60 red blood cells per 

cubic millimeter and 600 mg. of protein per hundred Case 7. — F. S., a man aged 30, was admitted to the 
cubic centimeters. The Wassermann reaction was nega- hospital in deep coma. Four weeks prior to admission 

tive. The patient died thirteen hours after admission. left hemiparesis developed suddenh-. In the few days 

The significant lesions of the brain are illustrated before his entrance to the hospital he had several focal 

in figure 7. The left hemisphere appeared swollen. seizures, confined to the left extremities. 
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Examination disclosed complete left hemiparesis, a 
Babinski response bilaterally and Cheyne-Stokes res- 
piration. 

The cerebrospinal fluid was clear and colorless and 
under a pressure of 350 mm. of water and contained 
74 lymphocytes and 58 red blood cells per cubic 
millimeter. 

Ventriculograms showed a shift of the ventricular 
system to the left. A bone flap was turned down in 
the right parietal region. When the dura was opened, 
purulent fluid and air were obtained. The fluid con- 
tained diplococci. The patient died two hours after 
operation. 


displaced downward and was compressed. The midline 
structures were shifted to the left. The right thalamus 
appeared broader than the left. There was a small 
hemorrhage in the region of the left ansa lenticularis. 
Examination of the brain stem disclosed diffuse swell- 
ing and the presence of a small number of petechial 
hemorrhages. 

Microscopic examination revealed the characteristic 
features of an abscess surrounded by a broad zone of 
granulation tissue. Sections taken from the white 
matter of the right hemisphere showed far advanced 
edema. The changes in the brain stem were similar 
to those described in the previous cases. 


mi 


,b ■ 




a:-‘' 








A 




SI 




y- 




Fig. 6 (case 4). — A, fulness of the entire left hemisphere, associated with a post-traumatic hemorrhagic infarc- 
tion in the distribution of the left posterior cerebral artery. Note the compression of the left lateral ventricle and the 
shift of the midline structures to the right. B, extensive hemorrhages in the midbrain and pons. 


The pertinent lesions in the brain are illustrated in 
figure 9. The right hemisphere showed striking prom- 
inence and fulness, with bulging of the precentral and 
postcentral g\'ri. This was caused by an abscess. The 
cavity of the abscess measured 3.3 cm. in its greatest 
diameter and was surrounded ■ by a broad zone of 
hyperemia. The right hemisphere showed enormous 
swelling, which was due chiefly to edematous tissue, 
invohdng the white matter in largest part and in some 
areas almost completely obliterating the gray matter. 
The right temporal lobe showed a well defined uncal 
herniation, measuring 2 cm. in length and 8 ram. in 
width, with a clear indentation from the ipsilateral 
free edge of the tentorium. The right ventricle was 


COMMENT 

A number of significant points have emerged 
from this study. . 

Frequent Occurrence of Unilateral Cerebral 
Szvelling and Herniation of the Brain Stent 
Through the Tentorial Opening. — While the 
mesial displacement and herniation of the hippo- 
campal gyrus is a common observation in cases 
of brain tumor, as indicated by Jefferson,- and 
in cases of brain injury, as described by Evans 
and me.^ its association with massive hemor- 
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rhages and cferebral infarctions has not been 
stressed. Careful analysis of the described cases 
revealed that in addition to the hippocampal 
herniation there was a frank herniation of the 
rostral portion of the brain stem through the 
tentorial opening. In all the cases cited in the 
present study histologic analysis of the swollen 
hemisphere disclosed a picture typical of cerebral 
edema, characterized by distention of perivas- 
cular and pericellular spaces, transudation of 



Fig. 7 (case 5). — Melanosarcoma of the left temporo- 
parietal region, witli extreme swelling of the left hemi- 
sphere and compression and shift of the ventricular 
system. Note the diffusely disseminated hemorrhages 
in the brain stem. 

serum into the nerve tissue about the congested 
smaller blood vessels, distention of perineural 
spaces and an alveolar, sievelike appearance of 
the nerve parenchyma. The significant role of 
edema in the production of the herniation of the 
temporal uncus over the free edge of the ten- 
torium has been emphasized in a previous paper 
The mechanism of the shift and compression of 


the ventricular system is readily explained by 
the unilateral swelling of the brain, sufficient in 
some instances even to cause displacement of the 
aflfected hemisphere across the midline under the 
free edge of the rigid falx. Inasmuch as the 
falx in the adult is a relatively immobile struc- 
ture, it is obvious that there must be a tendency 
toward displacement of the swollen hemisphere 
beneath the free edge of the falx, causing hernia- 
tion of the supracallosal gyrus. 

In the instances of more severe edema j the 
same side of the brain stem was observed to be 
swollen. Of still greater significance was the 
regularly observed herniation of the rostral por- 
tion of the midbrain through the tentorial 
opening. It is evident that as a result of the 
swelling of the cerebral hemisphere the mesial 
portion of the temporal lobe lying immediately 



Fig. 8 (case 6). — Glioblastoma of the left parietal 
region, with extreme swelling of the left hemisphere 
and displacement of the ventricles to the right. Note 
the presence of numerous periaqueductal hemorrhages 
in the brain stem. 

above tbe incisura tentorii was the first to be 
displaced downward through this incisure. With 
increase in the duration and severity of the 
edema, downward displacement and frank 
herniation, with distortion and compression, of 
the rostral portion of the midbrain take place. 

Origin and Pathogenesis of Hemorrhages of 
the Brain Stem. — In. the literature "stress is laid 
on the arterial origin of the hemorrhages in the 
brain stem (Moore and Stern ^ and others). 
The present study indicates that they are related 
to the medium-sized and small veins. They were 
often noted in the form of narrow bands enclos- 
ing the congested veins like a .-sleeve, either occu- 
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pying the perivascular spaces or lying free in the 
adjacent nerve tissue. In many instances the 
smaller hemorrhages tended to fuse and in this 
way gave rise to larger hemorrhages. Only in 
relatively few instances, in which the hemor- 
rhagic lesions were more extensive, was it diffi- 
cult, or impossible, to be sure of the source of 
the hemorrhage ; this was mainly because of 
complete disintegration of the tissue and abun- 
dance of blood. Within the large majority of 
the smaller hemorrhagic lesions there were recog- 



Fig. 9 (case 7). — Large abscess of the right centro- 
parietal region, associated with swelling of the right 
hemisphere. Note the downward displacement of the 
right peduncular region and a small hemorrhage in 
the region of the left red nucleus. 

nized as a rule one or several tremendously con- 
gested veinsj with walls displaying advanced 
disorganization but not real rupture. In some 
instances the veins were represented by a mere 
outline of the wall (fig. 2). The latter had under- 
gone almost complete degeneration, and the con- 
tent of tlie vein merged with the extravasated 
blood surrounding the vessel. The perivascular 


spaces were maximally distended and filled with 
large masses of serous fluid and red blood cells. 

Extrahemorrhagic Changes in Nerve Tissue oj 
the Brain Stem. — The hemorrhages in the brain 
stem were, with few exceptions, outlined with 
extremely edematous tissue. This tissue was 
characterized by a cribriform, spongy appearance, 
with the formation of a large number of vacuoles, 
of different sizes and shapes. In some areas there 
was extreme liquefaction of the nerve parenchy- 
ma, characterized by a large accumulation of 
serous fluid with areas of complete disintegration 
of the nerve fibers and myelin sheaths and with 
evidence of degeneration of the ameboid glia 
cells. These changes were associated with dilata- 
tion and congestion of the smaller veins and 
capillaries. 

Distribution of Hemorrhages in the Brain 
Stem. — No part of the brain stem seems to be 
immune from hemorrhage. Yet most of the 
hemorrhagic lesions were observed in the rostral 
portion of the brain stem ; relatively few were 
detected in the most caudal portion of the mid- 
brain. The majority of lesions were located 
in the tegmental portion of the midbrain, chiefly 
in the periaqueductal region. There is appar- 
ently a predisposition to hemorrhage at points 
where the loose texture of the extremely 
edematous gray matter forms a relatively poor 
support for the tremendously congested, thin- 
walled veins. This predilection of the hemor- 
rhagic lesions for the rostral portion of the brain 
stem giA^es an important clue to the pathophysio- 
logic mechanism of the transtentorial herniation 
of the brain stem which Avill be discussed later. 

Pathophysiologic Mechanism Responsible ior 
Herniation and Hcmoirhages of the Brain Stem. 
— The present study has brought out the strik- 
ing fact that hemorrhages of the brain stem ir- 
respective of their origin — hypertension, arterio- 
sclerosis, cerebral trauma, brain tumors or brain 
abscess — are associated Avith cerebral sAvelling 
and subsequent displacement of the ventricular 
system and herniation of the rostral portion of 
the mesencephalon through the incisura tentorii. 
The folloAAung theory of the mechanism respon- 
sible for the development of edema and hemor- 
rhage in the brain stem is proposed for considera- 
tion : The obserA'^ations recorded in this study 
afford eAudence that a sudden increase in bulk of 
one of the cerebral hemispheres caused by acute 
edema or SAvelling of the brain leads to an acute 
increase in the supratentorial pressure. In the 
earlier stages the affected cerebral hemisphere 
displaces cerebrospinal fluid from the subarach- 
noidal space and from the cisterns. At a later 
stage the ever-increasing demand for space leads 
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to profound shifts of cerebral substance ; the 
initial formation of a temporal pressure cone is 
followed by downward displacement and hernia- 
tion of the brain stem, with subsequent plugging 
of the tentorial hiatus, producing a bottleneck for 
both the subarachnoid and the ventricular fluid. 
At the same time, the shifting cerebral substance 
may compress or occlude the narrow aqueduct of 
Sylvius, and the intraventricular fluid becomes 
trapped in the lateral and third ventricles. This 
leads to a steadily progressing disparity between 
the intracranial pressure above and that below 
the tentorium. With- the constant increase of 
the intraventricular pressure the herniated por- 
tion of the brain stem is pushed deeper into the 
tentorial opening. As it progresses, it leads to 
compression and kinking of the superficial blood 
vessels, especially the veins, with considerable ob- 
struction of the venous circulation and a resultant 
severe degree of congestion and stasis. The thin- 
walled. smaller veins, composed of simple endo- 
thelial tubes, are most likely to be vulnerable to 
compression and to anoxemic degenerative 
changes in their walls due to anoxemia resulting 
from stasis. Thus, in the earlier stages compres- 
sion of thin-walled veins between the impinging 
uncus and the brain stem is believed to occur. 
In the later stages the possibility of interference 
with free venous outflow is even greater because 
the cerebral substance and the intervening veins 
are jammed against rigid dural reflections. This 
is believed to result in a severe degree of con- 
gestion and stasis, local venous hypoxia, due to 
the stasis, and possibly degenerative changes in 
the walls of the veins. Finally, if complete block 
•of cerebrospinal fluid occurs, the smaller veins 
are ready to give way. and numerous perivenous 
•extravasations take place. The small veins of the 
periaqueductal region are evidently poorly sup- 
ported by the loose tissue of the gray substance, 
as compared with those of the white matter, which 
•explains the predilection of the perivenous hemor- 
rhages for this region. The fixation of a certain 
number of the larger superficial veins of the brain 
stem for a long distance parallel to a bony sur- 
face makes them more exposed to the increased 
pressure. 

The anatomic observations in support of this 
theory of mechanism may be listed as follows: 
( 1 ) the gross and histopathologic evidence of 
swelling or edema of the brain present in the 
affected hemisphere: (2) transtentorial hernia- 
tion of the rostral portion of the brain stem, as 
•observed in all cases reported in this study, and, 
finally, (3) the predominantly perivenous charac- 
ter of the hemorrhages in the midbrain associated 
with far advanced venous congestion and stasis. 


CLINICAL OBSERVATIONS 

In the past the pressure within the cerebral 
ventricles was considered to be always in equili- 
brium with the pressure throughout the spinal 
subarachnoid space. The observations of Hodg- 
son ® and Smyth and Henderson ® give strong 
support to the belief that the lumbar and the 
ventricular pressure are not of necessity always 
equal. Hodgson reported a series of 49 cases of 
intracranial tumor in which he studied the 
ventricular and lumbar pressures. He concluded 
that partial block might result from herniation of 
the cerebellar tonsils and that under such condi- 
tions the initial lumbar pressure might be lower 
than the pressure in the ventricles. The relation 
between the lumbar and the ventricular cerebro- 
spinal fluid was studied by Smyth and Hender- 
son in a series of 39 patients, the majority of 
whom had intracranial tumor. Their observations 
proved that the ventricular pressure exceeded the 
lumbar pressure in all cases in which the tumor 
was above the tentorium and in which there was 
postmortem evidence of herniation of the ipsi- 
lateral temporal lobe through the incisura ten- 
torii. On the other hand, in cases in which the 
tumor was situated subtentorially the lumbar and 
the ventricular pressure were equal. It is of 
interest to note that in the last group of cases 
there was pronounced, and in some cases ex- 
treme, tonsillar herniation. On the basis of these 
extremely interesting and important observations, 
Smyth and Henderson came to the conclusion 
that the disparity of the ventricular and the lum- 
bar pressure is due mainly to herniation of the 
medial border of the temporal lobes into the in- 
cisura tentorii, with subsequent compression or 
obliteration of the iter of Sylvius. 

Moore and Stern * collected 10 cases of hemor- 
rhages of the brain stem in 130 cases of intra- 
cranial tumor. The presence or absence of her- 
niation of the hippocampal g}Tus was not stated 
in every case, but the lesion was present in the 
majority. In spite of this obser\-ation, the 
authors came to the conclusion that the hemor- 
rhages in the brain stem “are finally brought on 
by reflex increase in the systemic blood pressure.” 

EXPERIMENT.AL OBSERVATIONS 

The relation between the ventricular and lum- 
bar cerebrospinal fluid pressures has recently 
been studied experimentally by Kahn.° An e.x- 

8. Hodgson, J. S. : The Intracranial Pressure in 
Health and Disease, .•\. Research Nerv. & Ment Dis 
Proc. 8:182, 1927. 

9. Kahn, A. J. : Effects of Variations in Intra- 

cranial Pressure. .Arch. Xeurol. & Psvchiat 
(June) 1944. ' ' 
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treme degree of edema of the brain was produced 
by tbe perfusion of distilled water in the common 
carotid artery of animals. During the experi- 
ments the cisternal and the intraventricular pres- 
sure were simultaneously recorded. 

A high intraventricular and a relatively low 
cisternal pressure were constantly observed. This 
disparity was interpreted qs probably due to 
herniation of the brain stem into the foramen 
magnum or through the incisura tentorii, with 
the creation of a resulting partial block between 
the lateral A^entricles and the cisterna magna. The 
circulatory and respiratory embarrassment asso- 
ciated with high levels of intraventricular pres- 
sure could be relieved by ventricular drainage. 
No circulatory or respiratory embarrassment 
occurred when both the cisternal and the intra- 
ventricular pressure were at high levels; medul- 
lary embarrassment appeared soon after the 
cisternal pressure was lowered, the intraventricu- 
lar pressure alone remaining high. 

CLINICAL CONCLUSIONS 

What additional therapeutic conclusions are to 
be derived from the pathologic observations de- 
scribed in this study? The following significant 
clinical points should be stressed; 

The herniation of the hippocampal gyrus, so 
often observed in cases of increased intracranial 
pressure, cannot in itself be considered responsi- 
ble for the gravity and danger of the clinical 
syndrome. Histopathologic analysis of the re- 
ported cases revealed that most of the clinical 
symptoms and the frequently observed sudden 
death after lumbar puncture must be ascribed to 
the frank herniation of the rostral portion of the 
brain stem into the tentorial opening, followed 
by far advanced destruction of the brain stem. 

Transtentorial herniation of the brain stem 
presents a grave danger and hazard for the 
clinician and the neurosurgeon. It is evident that 
lumbar puncture and pneumoencephalography 
must be interdicted if the existence of the hernia- 
tion of the brain stem has been clinically recog- 
nized or suspected. 

Transtentorial herniation of the brain stem 
explains in some instances the fact that lumbar 
pressures are not always a true index of intra- 
ventricular pressure. 

Patients with lesions of the temporal lobe ap- 
pear to be graver clinical risks, probably because 
of the possible tendency toward development of 
transtentorial herniation of the brain stem. 
Therefore, such manipulative procedures as lum- 
bar puncture or pneumoencephalography are 
attended with greater risks. 


It has been assumed in cases of supratentorial 
tumor in which death followed lumbar puncture 
that cerebellar herniation into the foramen mag- 
num was* responsible. However, it has not been 
explained how the intraventricular pressure 
could be transmitted to the posterior fossa. The 
present study indicates that transtentorial hernia 
of the brain stem is the important factor. The 
absence of formation of cerebellar pressure cone 
in the present group of cases corroborates my 
conclusions. 

Clinical and pathophysiologic evidence has been 
accumulated to prove that the hypothalamic 
nuclei contain the higher regulatory centers for 
respiratory and cardiac control. It appears that 
transtentorial herniation of the brain stem might 
result in an interruption of the cardiorespiratory 
pathways between the diencephalic and the medul- 
lary centers and might be responsible for the so- 
called neurovegetative disturbances, namely, 
irregularities in respiration and pulse, hyperther- 
mia and sudden cessation of respiration, with a 
rapid, bounding, and often irregular, pulse. 

Attempts to release the temporal pressure cone 
by removal of the herniated portion of the gyrus 
hippocampus has" been suggested by Jefferson.- 
The observations presented in this study sug- 
gest that section of the free edge of the rigid 
tentorium should be undertaken in an effort to 
distribute pressure more evenly. In many cases, 
particularly of tumor of the temporal lobe, this 
is technically possible. 

It is conceivable that in certain cases the estab- 
lishment of A'entricular drainage might prove to 
be a life-saving measure, pending a more defini- 
tive operative attack. 

SUMMARY 

In 55 cases of transtentorial herniation of the 
brain stem complicating arterial hypertension, 
cerebral arteriosclerosis, cerebral trauma, brain 
tumor or brain abscess, the herniation was 
associated with hemorrhages and edema of the 
brain stem. 

Hemorrhages of the brain stem are predomi- 
nantly perivenous and are believed to be due to an 
extreme state of venous congestion, caused by 
compression and strangulation of the venous sys- 
tem draining the midbrain. 

In view of the gravity of the clinical symptoms 
resulting from the transtentorial herniation of the 
brain stem, the establishment of ventricular drain- 
age or section of the free edge of the rigid ten- 
torium, in an effort to distribute pressure more 
evenly, may be a life-saving measure, pending 
final, and more radical, treatment. 

Cincinnati General Hospital. 
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Lipomas oi the brain, because of their extreme 
rarity and the fact that most of them do not 
cause symptoms or signs during life, are clin- 
ically unimportant tumors. Most of them are 
unexpectedly encountered at necropsy. Up to 
this time the literature, as far as we could ascer- 
tain, does not contain data on any case of lipoma 
of the brain which was subjected to surgical 
attack. The chief interest in this lesion lies in 
its origin, and there have been a host of specula- 
tions in this regard.^ 

Lipoma of the brain has been discovered in 
2 cases at the Mayo Clinic. In 1 of these cases 
the lesion was productive of symptoms which 
led to surgical removal. 

REPORT OF CASES 

C.‘\.SE 1. — A woman student aged 18 registered at the 
Alayo Clinic on Jan. 17, 1933, because of attacks of 
unconsciousness, loss of memorj' and powers of con- 
centration, and obesity. 

T.he family history was noncontributory, and the 
patient had been entirely well until February 1928, 
when she was discovered unconscious in bed one 
morning. She aroused from this attack and was able 
to attend school that day. In June 1928 and June 
1929 she had similar attacks. One daj'^ in December 
1929 she ran to her father, saying she felt dizzy and 

From the Section on Xeurosurgerj', Mayo Clinic. 
1. (a) Bostroem. E.. cited by Sperling and Alpers.^^ 

(b) Ehni, G., and Love, J. G. ; Ihtraspinal Lipomas: 
Report of Cases, Review of -the Literature and Clinical 
and Pathologic Study, Arch. Neurol. & Psychiat. 53: 
1-28 (Jan.) 1945. (c) Gowers, W. R. : M 3 m-Lipoma of 
the Spinal Cord, Tr. Path. Soc. London 27:19-22. 1876. 
( d) Krainer, L. : Die Him- und Riickenmarkslipome, 
Virchows Arch. f. path. .\nat. 295:107-142 (Feb.) 1935. 

(c) della Rovere, D., cited by Ritter.n (/) Scherer, 
E. : Ueber die pialen Lipome des Gehirns ; Beitrag 
eines Falles von ausgedehnter meningealer Lipomatose 
ciner Grosshirnhemisphare bei Mikrogj-rie. Ztschr. f. 
d. ges. Neurol, u. Psj'chiat. 154:45-61 (Juh’^) 1935. 
(.(/) Sperling, S. J., and .Mpers, B. J.: Lipoma and 
Osteolipoma of the Brain, J. Nerv. & Ment Dis. 83: 
13-21 (Jan.) 1936. (/i) Stookey. B. ; Intradural Spinal 
Lipoma: Report of a Case and Symptoms for Ten 
Years in a Child .‘\.ged Eleven ; Review of the Litera- 
ture. Arch. Neurol. & Psj'chiat. 18:16-42 (July) 1927. 


faint. She promptb^ fell into coma but again quickly 
recovered. Some time during 1929 she first men- 
struated, and it was observed that she was gaining 
more weight than was considered desirable. Her mem- 
or 3 ' and powers of concentration began to fail at about 
this time, and she had difficulty in school. In Novem- 
ber 1932 a generalized convulsion was followed by 
severe headache. Early in January 1933 another attack 
of unconsciousness occurred. During the two years 
prior to her registration at the clinic she experienced 
intermittent frontal headaches, which disappeared after 
she took acetylsalicylic acid. 

The patient was 63 inches (160 cm.) tall and weighed 
152 pounds (68.9 Kg.). The s 3 'stolic blood pressure 
varied between 96 and 88 mm. of mercury. The pulse 
rate was 60 beats per minute. There were no other 
general physical findings of importance. Neurologic 
examination revealed only a mild tremor of both hands. 
E.xamination of the eyes, including the visual fields, 
gave normal results. The results of routine tests on 
the blood and urine were within normal limits. The 
roentgenogram of the head (fig. 1) .showed a large 
mass, measuring approximately 5 by 8 cm., in the mid- 
line in the frontal fossa. Calcification in its walls out- 
lined it rather well. A diagnosis of congenital cyst 
with calcified walls was made. 

On Jan. 23, 1933 the patient was anesthetized with 
ether and a long coronal incision was made back of 
the hair line. The scalp and periosteum were reflected 
from the bone in one layer, and a block of bone, mea- 
suring 12 cm. from front to back and extending 6 cm. 
on each side of the midline, was removed from over 
the frontal lobes. After the dural opening was made 
and the falx cerebri exposed, the right frontal lobe was 
retracted laterally; in the depths of the wound lay an 
encapsulated, fibrous, fatty mass, which extended from 
beneath the anterior extremit 3 ’- of what remained of 
the corpus callosum. The anterolateral limits of the 
tumor were reached on each side by clipping and 
coagulating branches of the anterior cerebral arteries 
and pushing the brain away from the surface of the 
mass. Then the anterior portion of the falx was 
divided, after ligation of the superior and inferior 
longitudinal sinuses, and the tumor was almost entirely 
removed together with a part of the corpus callosum. 
To accomplish this it was necessar 3 ' to divide the left 
anterior cerebral arter 3 '. Several veins draining the 
left frontal lobe at its anterior pole were also inter- 
rupted. A mass similar to the main one, although 
much smaller, was removed from the choroid ple.xus 
of the left lateral ventricle. The surgical specimens are 
shown in figure 2. 

The tumor was composed of adult adipose tissue 
which in some parts bore more stroma than ordinar 3 ' 
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adipose tissue. The fat was rather vascular, contain- 
ing man> small arteries . and r eins, but w'as not angi- 
omatous, A fibrous septum separated the fat from the 
neural substance and sent projections into the brain 
substance. The small mass from the left choroid plexus 
was composed of adult adipose tissue w^hich was more 
fibrous and cellular than ordinary fat and which lay 
within the plexus without any evident encapsulation by 
connective tissue. In certain portions of the larger 
tumor great quantities of small and medium-sized cal- 
cified spherules, which resembled psammoma bodies, lay 
in the connective tissue, and even in the brain sub- 
stance bordering on the tumor (fig. 3 a and b) . 

After the operation the patient remained comatose ; 
the legs w'ere in strong extension ; the arms were 



Fig. 1 (case 1). — (a) Posteroanterior view of the 
head, showing a crescentic band of calcification on each 
side of the midline, w ith the concave borders facing each 
other. One side is almost a mirror, image of the other. 
{b) Lateral view of the head, showing a broad, angulai 
band of calcification lying in the general position of 
the rostrum of the corpus callosum. 

flexed on the chest, and static tremors occurred in 
all parts of the body except the head and neck. The 
course was progressively downhill, and she died the 
fifth day after operation. 

Necropsy revealed infarction of the left frontal lobe, 
with thrombosis of the veins over the surface. The 
superior longitudinal sinus was patent posterior to the 
point of ligature. A cavity, measuring 4 by 4 by 5 cm . 
lay beneath the site from vv hich the rostrum of the corpus 
callosum was removed This cavitv' communicated with 
the lateral and third ventricle. Remnants of the tumor 


remained in the walls. Otherwise nothing of signifi- 
cance was noted. 

Case 2. — A girl aged 16 years registered at the 
Mayo Clinic on ^March 10, 1937, complaining of head- 
aches, vomiting, vertigo and drowsiness. 

The family history was noncontributory, and the pa- 
tient had been perfectly well until December 1936, 
when she began to have occasional headaches in the 
morning; these lasted from a few hours to all daj. 
They were usually frontal and had not been severe 
until the month prior to her registration. On March 3, 
1937 she discontinued attendance at school because of 
the headaches. The next day vertigo developed. On 
fMarch 5 she vomited and thereafter continued to do 
so three or four times a day. On ilarch 6 the head- 
ache became worse and extended to the suboccipital 
and cervical region. The pain was even felt down to 
the left arm. On March 7 she noticed tinnitus and 
staggering to the left in walking. On IMarch 8 she 
was hospitalized in her home town but two days later 
was brought to the clinic, when paralysis of the e.\tra- 
ocuiar muscles and drowsiness set in. 



Fig. 2 (case 1). — Tissue removed at operation. 


On her admission to the clinic the patient was 
drowsy but cooperative and was obviously extremelv 
ill. The significant findings were mild horizontal nys- 
tagmus, bilateral papilledema of 3 D., bilateral paralysis 
of file oculomotor and facial nerves, dysarthria, inco- 
ordination of the left arm, stifl: neck and a moderately 
strong Kernig sign on both sides. Sensation was nor- 
mal ; there were no signs referable to the pyramidal 
tract, and the visual fields were grossly normal. The 
urine contained a moderate amount of albumin, a mod- 
erate number of pus cells and some erythrocytes. The 
concentration of urea was 20 mg. per hundred cubic 
centimeters of blood. The leukocytes numbered 16,600 
per cubic millimeter of blood, and the hemoglobin mea- 
sured 14 Gm. per hundred cubic centimeters of blood 
Roentgenograms of the head and chest revealed nothing 
abnormal. 

On the day after Iier registration the systolic blood 
pressure gradually rose and the patient became less 
and less responsive. The next day she was comatose, 
the temperature rose to 102 F., and she died. 

Necropsy disclosed an extensive carcinomatous change 
throughout the mucosa of the stomach. This organ 
was studded with small nodules, measuring from 2 to 
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5 nim. in .diameter, composed of malignant, mucus- 
containing, signet ring cells. Metastatic lesions were 
observed in the liver, spleen, colon, periadrenal fat, 
renal pelves, bladder, vagina, cervix, ovaries, mesen- 
teric nodes, th 3 ’'mus, epicardium, lungs, hilar nodes of 
the lungs, thyroid, axillary nodes and cerebral meninges 
and in a small lipoma lying on the corpus callosum. 
This lipoma, which was 3 cm. long and from 5 to 
8 mm. in diameter, laj" on the posterior half of the 
corpus callosum. It had no firm attachments to the 
gyri cinguli or the corpus callosum (fig 4 a and b) 
and was too small to be of any consequence. 

/ 

COMMENT 

Of most importance in case 1 w&s the fact 
that the lesion was mistaken for a cystic tumor 


callosum, the lamina terminalis, the choroid 
plexus or some other structure. To be safe, 
we have classified the tumor as originating in 
the choroid plexus or the ventricular wall, al- 
though it may have cojne from the rostrum of 
the corpus callosum. 

In case 2 the features which concerned the 
lipoma were not extraordinary. It is inconceiv- 
able that the lipoma and the carcinoma of the 
stomach were related, though this combination 
has been remarked .on by others.^® 

The subject of lipoma of the brain has been 
reviewed a number of times, but most recently 
by Krainer.^*^ This author was able to study 



Fig. 3 (case 1).— (a) Portion of the fibrous capsule of the latger tumor. The adult adipose tissue is bor- 
dered by a heavy capsule of collagen, which contains islands of fat cells and numerous lamellated calcified 
bodies, (b) Portion of the brain bordering the tumor. Numerous calcified bodies are lying in the neural sub- 
stance, without any surrounding fibrous tissue. Hematoxylin and eosin stain; X 85. 


with calcified walls. Because of this error the 
roentgenograms were examined again. They 
showed a thick calcified layer in both the postero- 
anterior and the lateral exposure. The lateral 
view seemed to provide a profile of the rostrum 
of the corpus callosum. The thick calcified layer 
differed considerably from the fine line of calcium 
observable in the roentgenogram in cases of 
craniopharyngioma and may be a basis for future 
differentiation. 

With a tumor of such size and in such a 
complex location it is impossible to sa)" from 
what the lesion arose — whether from the corpus 


reports of 56 cases of such tumors. The cases 
in his tables total 57, but he duplicated the case 
of Chouppe - by listing it as no. 25 and again 
as no. 50. To these 56 cases should be added 
a number of other cases in order to bring the 
total up to date. The cases of Weber and Baser,” 
Scherer,^^ Baker and Adams, Sperling and 

2. Cited by von Sury.*’ 

3. Weber, F. P., and Daser, P. ; Osteo-Lipoma of 
the Brain Arising from the Infundibulum, Tr. Fatfi. 
Soc. London 58:219-225, 1907. 

4. Baker, A. B., and Adams, J. AI. : Lipomatosis 
of the Central Nervous System, Am. J. Cancer -34: 
2I4-2I9 (Oct:) 1938. 
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Alpers and Rubinstein ° are genuine instances 
of this lesion and may be added without argu- 
ment. According to von Sury,® Rokitansky" 
described a case in addition to the one accepted 



Fig. 4 (case 2). — ^Tissue from the lipoma: (a) Sec- 
tion through the entire lipoma (X 9). The corpus 
callosum lies below, and to either side are the gyri 
cinguli. In the center of the lipoma and at the upper 
right aspect are carcinomatous nodules metastatic from 
the stomach. The origin appears to be from the dorsal 
surface of the corpus callosum, but smaller islands of 
carcinomatous cells and an artefactitious separation ob- 
scure the point of origin, (b) Portion from the center 
of the lipoma, showing the adult adipose tissue above 
and the edge of the carcinomatous nodule below 
(X 135). The eccentric position of the nuclei, in the 
mucus-containing, signet ring cells in the metastatic 
lesion from the stomach may be noted. Hematoxylin 
and eosin stain. 


5. Rubinstein, B. G.: Ueber einen Fall von unvoll- 
standig fehlendem und durch Fettgewebe ersetztem Bal- 
ken, Frankfurt. Ztschr. f. Path. 44:379-386, 1932. 


b)’^ Krainer, and there seems no good reason 
for not including this case in the total. Misch ' 
reported 2 cases of intracranial lipoma, but ohly 
in the second was the tumor intradmal, prob- 
ably originating in the pia. This case should 
be added to the total. Scherer referred to 
cases described by Simon,® but all that can be 
learned is that Siipon reported 2 cases of lipoma 
of the clivus and 1 case of lipoma of the plexus. 
Whether the 2 lipomas of the clivus were extra- 
dural, as was the tumor in the first case reported 
by Misch, can only be surmised, but the remain- 
ing case is. probably pertinent to the present dis- 
cussion. Krainer merely listed 5 additional 
cases, which he was unable to study but which 
wei'e evidently accepted by others.® He did 
not include the case reported by Shaw be- 
cause he considered the lesion to be extradural. 
Shaw stated that the tumor was in the meninges, 
and in his anatomic description be related the 
mass to the bony structures of the middle fossa 
rather than to the brain. It seems that when 
the brain was removed the tumor was left behind. 
Sperling and Alpers accepted Shaw’s case as 
genuine. • Without the case of Shaw or the 
2 cases of tumor of the clivus reported by Simon 
the total number is 69. 

Sperling and Alpers arrived at a total of 74 
cases before reports of the cases of Baker and 
Adams,^ Scherer,^'^ Krainer,^*^ Misch" and Simon® 
wei'e available. To arrive at their figure, they 
augmented Verga’s list.’" Certain of the cases 
added to Vei*ga’s list by Sperling and Alpers 
should be omitted. The cases of Ritter and 
Oppenheim and Borchardt were primarily 
instances of lipoma of the spinal cord and have 
been properly classified in reports on this lesion. 
The case of “Verfasser” is in reality von Sury’s ® 
own case, duplicated by a curious error on the 
part of Sperling and Alpers. Von Sury used 
the word Verfasser ("author”) in his tabula- 
tions to refer to the case he had just reported, 
and Sperling and Alpers evidently accepted the 

6. von Sury, K. : Ein gemisciifes Lipom auf der 
Oberflache des hypoplastischen Balkans, Frankfurt. 
Ztschr. f. Path. 1:484-491, 1907. 

7. Misch, W. ; Meningeal Lipomas in the Foramen 
Magnum, J. Neurol. & Psychopath. 16:123-129 (Oct) 
1935. 

8. Simon, cited by Scherer.^f 

9. Footnotes 1 a and 6. 

10. Shaw, R. H. : Ptosis Produced by Intracranial 
Lipoma, Brit. M. J. 2:1828 (Dec. 26) 1896. 

11. Ritter, A.: Ein Lipom der Meningen des Cer- 
vicalmarks, Deutsche Ztschr. f. Chir. 152:189-209, 1920 

12. Oppenheim, H., and Borchardt, M. : Weiterer 
Beitrag zur Erkennung und Behandlung der Rucken- 
marksgeschwulste, Deutsche Ztschr. f. Nervenh. 60: 
1-32, 1918. 
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word as the name of an additional author. In 
Virchow’s case a dural tumor of some sort 
was present/ but it was not a pial or a ventricular 
tumor, and therefore we did not include it in 
our total. 

Haverfield and Walker have reported a type 
of tumor which we rigidly exclude from classi- 
fication with pial lipomas. Although these au- 
thors stated that their tumor and other lipoma- 
tous meningiomas do not differ from the lipoma 
outside the central nervous system, our opinion 
is to the contrary, and the histologic study of 
their own tumor contradicts them. They re- 
ported that portions of their tumor were com- 
posed of meningotheliomatous cells — certainly 
not to be found in the ordinary lipoma. We 
have had experience with meningiomas of this 
sort and though many of the cells may be fatty, 
even to the point of resembling the cells of adult 
adipose tissue, the true nature of the tumor is 
indicated by the presence of sheets of nonadipose 
cells and whorl-like formations. The most strik- 
ing gross distinction between fatty meningioma 
and true lipoma is the lack of dural attachment 
in the lipoma. True lipoma of the nervous sys- 
tem is similar to lipomas outside the nervous 
system except that it frequently displays calcifi- 
cation, or even bone. 

The 69 cases we found in our partial review 
of the literature and the 2 cases reported in this 
communication bring the total 'to 71 reported 
cases. Kraiiier chose to relate the tumors he 
studied to the various intracranial cerebrospinal 
fluid cisterns. Though this method of investiga- 
tion was pertinent to the development of his 
thesis, the problem seems clearer to us if 70 of 
the tumors are tabulated according to the struc- 
ture from which they arose, with the following 
result: Twenty-five arose from the corpus cal- 
losum; 18, from the ventral diencephalic struc- 
tures; 9, from the choroid plexus or the walls 
of the lateral and third ventricles ; 7, from the ^ 
dorsal portion of the midbrain; 1, from the ven- 
tral portion of the midbrain ; 4, from the medulla ; 
4, from the pons and structures of the cere- 
bellopontile angle, and 2, from the cerebral con- 
vexities. Six of the tumors which arose from 
the corpus callosum were accompanied by one 
or more additional tumors of the choroid plexus, 
and 1 was accompanied by a tumor of the olfac- 
tory nerve. 

13. Virchow, R.: Ein Fall von bosartigen, zum Theil 
in der Form des Neuroms auftretenden Fettgeschwiil- 
sten, Virchows Arch. f. path. Anat. 11:281-288 (March) 
1857. 

14. Haverfield, W. T., and Walker, A. E. : Lipo- 
blastic Meningioma, Arch. Snrg. 42:371-378 (Feb.) 1941. 


One of US, with Love,^’’ has discussed in some 
detail the problem of the origin of lipoma- of the 
pia mater in connection with intraspinal lipoma ; 
since the problem which concerns lipoma of the 
brain is the same, it will be adequate merely to 
lis’t the various mechanisms suggested to account 
for such a fatty mass. They are : ( 1 ) prolifera- 
tion of the few fat cells normally present in the 
leptomeninges ; (2) deposition of fat in cellular 
masses arising from proliferation of common con- 
nective tissue cells; (3) deposition in connective 
tissue or glia of fatty products of the break- 
down of nerve tissue; (4) fatty degeneration 
of proliferated glia; (5) abnormal inclusion of 
fat-forming material within the closing lips of 
the neural groove, and (6) perverted differen- 
tiation of persisting embryonic mefiinx. 

Scherer amplified the last-mentioned mechan- 
ism by indicating the probable primitive cells 
responsible for the formation of the fat — an 
adaptation of Wassermann’s researches. One 
of us, with Love,^*^ has further amplified this 
mechanism by suggesting that the primitive cells 
with fat-forming potentialities are permitted to 
form fatt}'- masses by a defect in the neural crest. 
This fundamental defect results in failure of local 
control of formation of fat, and the stage is set 
for the lipoma to develop. 

The gross and microscopic features of pial 
lipoma are not significantly different from those 
of lipoma in other locations except that intra- 
cranial lipoma may contain calcified material rang- 
ing from psammoma bodies to true bone. In 
case 1 of this report calcification was present 
even in the brain substance adjacent to the tumor. 
The significance of this observation is unknown. 
An intraspinal pial lipoma containing calcium 
has not been discovered.^'’ 

The clinical importance of the intracranial pial 
lipoma remains slight even with the demonstra- 
tion that a tumor of this type may produce 
symptoms, give roentgenographic evidence of a 
confusing nature and be subjected to removal. 
The lesion is merely to be remembered in the 
differentiation of calcified tumors of the brain. 

SUMMARY AND CONCLUSIONS 

In 1 of 2 cases of lipoma of the brain described 
in this paper the tumor caused symptoms of brain 
tumor, contained enough calcium to cast a shadow 
in the roentgenogram and was removed sur- 
gically. 

15. Wassermann, F.: Die Fettorgane des Menschen. 
Entwicklung, Bau und systematische Stellung des soge- 
nannten Fettgewebes, Zlsclir. f. Zcllforsch. u. mikr 
Anat. 3:235-328, 1926. 
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With the 2 cases reported in this paper, 
71 cases of lipoma of the brain or intradural 
cranial nerves have been reported in the litera- 
ture. The favored sites .of origin, in their order 
of frequency, are the corpus callosum, dhe ventral 
diencephalic structures, the choroid plexus or 
ventricular walls of the lateral and third ven- 
tricles and the dorsal surface of the midbrain. 

The mechanism of formation of this lipoma 
is probably a perversion of differentiation of the 


primitive meninges. Elements with fat-forming 
potentialities are present in the meninges, and 
the lipoma develops when the ectodermal mesen- 
chyme contributing to the leptomeninges is 
defective. 

This tumor has slight clinical importance, but 
it must be added to the list of lesions requiring 
differentiation when calcium is discovered on 
roentgenologic examination. 

The Mayo Clinic. 
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I. DEMENTIA PRECOX 
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Bromide therapy has been used for many years 
j ill the treatment of conditions associated with 
psychoniotor disturbance and increased vaso- 
motor irritability. From time to time the bro- 
mide content of the blood of patients with such 
I disorders has aroused the interest of investiga- 
tors. In 1931 Zondek and Bier ^ reported that in 
29 of 34 patients with manic-depressive psychoses 
who were examined the bromine content of the 
blood was from 40 to 60 per cent below the 
normal value (1 mg. per hundred cubic centi- 
meters) previously established by them. The 
average value for the 34 patients was 0.572 mg. 
per hundred cubic centimeters. They also stated 
that in 5 out of 17 patients with schizophrenia 
studied the blood bromides were low. In 1933 
the same authors ^ concluded that the bromide 
content of the blood of patients with mental dis- 
ease was likely to be low and discussed the con- 
centration for 6 mentally depressed patients. 

Klimke and Holthaus ® presented the cases of 
6 patients with psychoraotor disturbances and 
concluded that lowering of the blood bromides 
was characteristic and proportional to the inten- 
sity of the disturbance. Sacristan and Peraiata ^ 
analyzed the blood of 13 women with manic- 
depressive psychoses and in every case found the 
bromine content to be less than the accepted 
normal. Ten women with other* psychoses were 
also studied, but no deviation from normal values 
for blood bromide was noted. On the basis of 
these results, these investigators concluded that 
the bromide concentration of the blood was low- 
ered in patients with manic-depressive insanity. 

From the Department of Physiological Chemistry, 
Ohio State University College of Medicine. 

The present investigation was made possible through 
the staff of the Columbus State Hospital for the Insane, 
Dr. J. F. Bateman, Superintendent. 

1. Zondek, H., and Bier, A. ; Brom im Blute bei 
manisch-depressivem Irresein, Biochem. Ztschr. 241: 
491, 1931. 

2. Zondek, H., and Bier, A.: Brom in Blute bei 
Psychosen, Klin. Wchnschr. 12:55, 1933. 

3. Klimke, W., and Holthaus, B.; Ueber den Brom- 
spiegel des Blutes bei psychomotorischen Erregungs- 
zustiinden, Deutsche med. Wchnschr. 58:1558, 1932. 

4. Sacristan, J. M., and Peraiata, M. : Ueber den 
Bromspiegel des Blutes bei manisch-depressivem Ir- 
rescin, Klin. Wchnschr. 12:467, 1933. 


Since all these investigators had used methods 
which were later shown to be unreliable, the 
validity of their conclusions is open to question. 

In 1933 Hennelly and Yates, ° using a new 
and more accurate method of analysis of their 
own, obtained low values for the bromine of the 
blood for males with schizophrenia of all types, 
paraphrenia, manic-depressive psychoses and in- 
volutional melancholia, while the values for pa- 
tients with psychoneuroses and organic dementia 
were within the normal range. These investi- 
gators placed little reliance on the estimation of 
the bromine content of the blood in the diagnosis 
of manic-depressive psychosis, since no correla- 
tion between the stage of the mental disease and 
variation in the bromine content of the blood 
could be obtained. These observations were 
based on the study of 56 patients, including 11 
mentally normal patients, as well as the patients 
with mental disease noted. 

Meier and Schlientz ® used the method of 
Leipert for the analysis of blood bromides for 35 
patients with psychoses. For 27 patients with 
nonbromide medication the bromine content 
ranged from 75 to 233 micrograms per hundred 
cubic centimeters, with an average value of 132 
micrograms. Pierre and Camille Chatagnon,'^ 
also reporting in 1936, stated that for 23 of 31 
patients with manic-depressive psychosis which 
they had studied the bromine values were higher 
than normal. 

Because of the unreliability of the methods used 
by some of the previous investigators, and be- 
cause of the few cases of any one type of mental 
condition 'included in the reports of any of these 
workers, we decided to make an extensive study 
of the bromine content of the blood of various 
types of mentally disturbed patients. The first 
investigation was restricted to patients with 
dementia precox. The subjects chosen had all 

5. Hennelly, T. J., and Yates, E. D. : Blood 
Bromine in the Psychoses, J. Ment. Sc. 81 : 173, 1935. 

6. Aleier, C. A., and Schlientz, W. ; Neure Unter- 
suchungen iiber den Bromspiegel im Blut bei Psy- 
chosen, Klin. Wchnschr. 15:1845, 1936. 

7. Chatagnon, P., and Oiatagnon, C. : Le metabolism 
du brome dans I’organism humain, Compt. rend. Acad 
d. sc. 202:1119. 1936. 

305 


306 


ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


been inmates of the Columbus State Hospital for 
the Insane for more than three months, while 
some had been in residence there for more than 
ten years. 

A method of bromine analysis previously de- 
vised by one of us (H. L. W.)® was used in this 
investigation. The accompanying table gives the 
results for 172 patients with dementia precox. 

Although the values in the table range from 
0.09 to 1.60 mg. of bromine per hundred cubic 
centimeters of whole blood, nevertheless the 
values in few cases approached these limits. The 


the figures for 80 per cent of the subjects differ- 
ing from this value by less than 0.2 mg. pei 
hundred cubic centimeters. The bromine conteni 
of the blood of patients with dementia preco.N 
included in the present study therefore appears 
to be consistently lower than that of normal 
healthy persons residing in the same geographic 
area. Differences in blood bromine content oi 
the two groups cannot be attributed entirely tc 
differences in bromide intake in food or water, 
since the same sources were available to the 
two groups. 


Bromine Content oj the Blood of One Hundred and Seventy-Two Patients with Dementia Precos 




Bromine per 



Bromine per 



Bromine per 



Bromine per 

Case 

Age, 

100 Gc. Whole 

Case 

Age, 

100 Cc. Whole 

Case 

Age, 

100 Cc. Whole 

Case 

Age, 

100 Cc. Whole 

No. 

Yr. 

Blood 

No. 

Tr. 

Blood 

No. 

Yr. 

Blood 

No. 

Yr. 

Blood 

Males 



Males 



Males 



Males 



1 

62 

0.55 

45 

37 

0.56 

89 

24 

0.49 

133 

22 

0.66 

2 

60 

0.45 

46 

25 

0.36 

90 

59 

0.52 

134 

69 

0.69 

3 

63 

0.58 

47 

67 

0.77 

01 

40 

0.47 

135 

39 

0.40 

4 

65 

0.41 

48 

35 

0.50 

92 

45 

0.62 

136 

39 

0.69 

5 

75 

0.77 

49 

32 

0.38 

93 

59 

0.64 

137 

24 

0.68 

0 

54 

1.00 

50 

30 

0.79 

94 

55 

0.51 

138 

34 

0.68 

7 

61 

0.72 

51 

34 

0.64 

95 

28 

0.56 

139 

66 

0.76 

8 

77 

0.69 

62 

33 

0.42 

96 

50 

0.59 

140 

50 

0.75 

9 

40 

0.56 

63 

33 

0.46 

97 

27 

0.65 

141 

56 

0.48 

10 

69 

0.73 

64 

35 

0.09 

98 

34 

0.52 

142 

31 

0.64 

11 

48 

0.71 

55 

32 

0.56 

99 

37 

0.47 

143 

35 

0.09 

12 

62 

0.69 

50 

32 

0.59 

100 

37 

0.50 

144 

22 

0.47 

13 

68 

0.79 

57 

82 

0.54 

101 

31 

0.60 

145 

29 

0.58 

14 

53 

0.69 

58 

34 

0.38 

102 

40 

0.30 

146 

64 

0.57 

16 

49 

0.43 ■ 

59 

36 

0.32 

103 

33 

0.79 




16 

46 

0.63 

60 

40 

0.66 

104 

29 

0.23 



• 

17 

56 

0.75 

61 

62 

0.29 

105 

37 

0.67 

Females 



18 

69 

0.69 

62 

27 

0.60 

106 

52 

0.67 



1.00 

19 

46 

0.67 

63 

30 

0.55 

107 

23 

0.72 

1 

62 

20 

53 

0.36 

64 

27 

1.00 

108 

44 

0.37 

2 

40 

0.50 

21 

57 

0.49 

65 

47 

0.70 

109 

27 

0.45 

3 

50 

0.69 

22 

47 

0.73 

66 

75 

0.70 

no 

59 

0.14 

4 

32 

0.33 

23 

45 

0.59 

67 

47 

0.73 

111 

29 

0.65 

5 

42 

0.56 

24 

70 

0.60 

68 

30 • 

0.66 

112 

20 

0.54 

6 

26 

0.33 

26 

50 

0.48 

69 

19 

0.39 

113 

17 

0.45 

7 

35 

0.42 

26 

50 

0.63 

70 

37 

0.60 

114 

31 

0.43 

8 

36 

0.35 

27 

47 

0.62 

71 

46 

0.71 

115 

42 

0.79 

9 

33 

0.45 

28 

49 

0.76 

72 

46 

0.79 

116 

21 

1.60 

10 

34 

0.36 

29 

57 

0.18 

73 

32 

0,44 

117 

37 

0,63 

11 

38 

0.93 

30 

42 

0.42 

74 

30 

0.69 

118 

27 

0.68 

12 

43 

0.41 

31 

62 


76 

66 

0.46 

119 

39 

0.59 

13 

25 

0.37 

32 

61 

0.67 

76 

30 

0.60 

120 

34 

0.45 

14 

50 

0.81 

33 

40 

0.46 

77 

32 

0.59 

121 

25 

0.38 

15 

58 

0.42 

34 

34 

0.42 

78 

26 

0.68 

122 

28 

0.59 

16 

27 

0.41 

36 

56 

0.59 

79 

35 

0.42 

123 

36 

0.22 

17 

29 

0.51 

36 

36 

0.52 

80 

46 

0.63 

124 

37 

0.71 

18 

33 

0.42 

37 

37 

0.56 

81 

34 

0.79 

125 

31 

.0.64 

19 

29 

0.40 

38 

53 

0.73 

82 

69 

0.66 

126 

21 

0.26 

20 

40 

0.42 

39 

36 

0.56 

83 

31 

0.85 

127 

33 

0.34 

21 

35 

0.49 

40 

68 

0.16 

84 

06 

0.69 

128 

23 

0.37 

22 

51 

0.35 

41 

59 

0.77 

85 

31 

0.36 

129 

28 

0.54 

23 

21 

0.45 

42 

47 

0.47 

86 

61 

0.70 

130 

59 

0.89 

24 

31 

0.32 

43 

46 

0.43 

87 

27 

0.59 

131 

29 

0.69 

25 

14 

0.41 

44 

34 

0.67 

8S 

38 

0.76 

132 

59 

0.69 

26 

41 

0.35 


values for 64 patients (37.2 per cent) differed 
from the average value (0.555 mg. of bromine 
per hundred cubic centimeters) by less than 0.1 
mg., while the values for 138 patients (80.2 per 
cent) were within 0.2 mg. of the average. 

A previous study ® of the bromine content of 
the blood of normal healthy persons residing in 
Columbus revealed an average value of 0.81 mg. 
of bromine per hundred cubic centimeters, with 

8. Wikoff, H. L. ; Bame, E., and Brandt, M. : A 
Method for-the Determination of Bromine in a Protein- 
Free Filtrate, J. Lab. & Clin. Med. 24:427, 1939. 

9. Wikoff, H. L. ; Brunner, R. A., and Allison, 
H. W. : The Normal Bromine Content of the Blood 
of Healthy Individuals, Am. J. Clin. Path. 10:234, 1940. 


SUMMARY 

The average bromine content of the blood of 
172 patients with dementia precox was found to 
be 0.555 mg. of bromine per hundred cubic -centi- 
meters of blood. It is significant that the values 
for 80.2 per cent of the patients examined varied 
from the average (0.555 mg.) by less than 0.2 
mg. The average value for the patients with 
dementia precox was lower than the average 
obtained by the same method for normal persons 
residing in the same city. 

Drs. Rothermich, Michael and Whittenbrook selected 
tile patients and furnished the diagnoses for this study. 

Ohio State University College of Medicine; 



SKULL DEFECT AND HERNIATION OF CEREBRUM WITH ABSENCE 
OF DURA FOLLOWING HEAD INJURY IN ADOLESCENCE 

CAPTAIN WILLIAM S. McCUNE ' 

AKD 

MAJOR BARNES WOODHALL 

MEDICAL CORPS, ARMY OF THE UNITED STATES 


A few cases of delayed absorption in bones of 
the skull following head injury have been de- 
scribed. Pancoast, Pendergrass and Schaeffer ^ 
reported a case in which an unusual alteration 
in bony structure developed after a fracture of 
the skull, with hernia of the cerebrum and ele- 
vation of a fragment of bone from the cranium. 
Rowbotham^ described a defect in the vault of 
the skull with traumatic malacia or absorption 
of bone following a closed head injut^e The 
thinning and scalloping of bone adjacent to a 
cd,mminuted fracture of the skull, characteristic 
of' traumatic cyst of the leptomeninges, is not 
unusual. It was well portrayed by Dyke^ and 
has been duplicated in our series of head 
injuries. However, in a review of the literature 
we have been able to find no instance of a 
defect in the inner table of the skull alone with 
herniation of the brain and absence of dura 
mater following head injury. Having encoun- 
tered such a case, we present it as an aid in 
the differentiation of lesions of this type from 
tumors and infections of the skull. 

REPORT OF A CASE 

History — A private in the Women’s Army Corps, 
aged 32, was admitted to the Walter Reed General 
Hospital on Feb. 10, 1944, as a transfer from the 
station hospital at Fort George G. Meade, Md., be- 
cause of headache, fainting spells and the presence 
of an irregular area of destruction of bone in the left 
parietal area of the skull. 

She stated that at the age of 15 (in 1927), while 
walking along a country road one evening, she had 
been knocked down by a passing automobile, which 
struck the left side of her head. She was unconscious 


From the Neurosurgical Section, Walter Reed 
General Hospital, Washington, D. C. 

1. Pancoast, H. K. ; Pendergrass, E. P., and Schaef- 
fer, J. P. : The Head and Neck in Roentgen Diagnosis. 
Springfield, 111., Charles C Thomas, Publisher, 1940. 

2. Rowbotham, G. F. : Acute Injuries of the Head, 
Edinburgh, E. & S. Livingstone, 1942. 

3. Dyke, C. G. : The Roentgenological Aspects of 
Fracture of the Skull and Injuries to the Brain, in 
Brock, S. ; Injuries of Skull. Brain and Spinal Cord, 
cd. 2, Baltimore, Williams & Wilkins Company, 1943. 


for twenty or thirty minutes. She received medical 
care and was kept in bed for two weeks, but no 
roentgenograms of the skull were taken. Except for 
mild, transient frontal headaches, she was well after 
the accident until 1939. During that year headaches, 
which were not lateralized and not accompanied by 
vomiting, became more severe and recurred two or 
three times a month, each attack lasting about twelve 
hours. Under a regimen of rest the attacks subsided 
again, only to recur in 1943, after she had enlisted 
in the Women’s Army Corps. In November 1943, 
one month after enlistment, she felt dizzy one day 
while marching to a class and fainted on reaching 
the school where the classes were ’ held. She did 
not have a convulsion and was unconscious for only 
five minutes. Later in the same month, tvhile drilling 
one day, she fainted again, and she had two similar 
episodes on Jan. 17 and Jan. 18, 1944, without con- 
vulsive movements, biting of the tongue or incon- 
tinence. Examination at the Fort George G. Meade 
Station Hospital revealed only an equivocal Babinski 
sign on the right side. Because of the finding of 
an irregular defect in the left parietal bone, however, 
she was transferred to the Walter Reed General Hos- 
pital for further study, arriving there on February 10. 

Examination . — Physical examination on admission 
to the hospital revealed no evidence of acute disease. 
There was slight tenderness over the left parietal area 
of the skull on tapping or pressure. The blood pres- 
sure was 110 systolic and 76 diastolic. General physi- 
cal examination revealed nothing abnormal except for 
a small mass in each pelvic vault. Neurologic exam- 
ination showed no significant abnormalities. 

Roentgenograms of the skull revealed an area of 
moth-eaten destruction in the left parietal bone, be- 
ginning close to the sagittal suture line and extending 
laterally in the midparietal area for a distance of about 
7 cm. (figure. A). The anteroposterior diameter was 
about 4.5 cm., and in the posteroanterior projection 
the volume of tlie skull seemed larger on the left side. 
The inner table alone appeared involved in the diffuse 
destructive process. There was no increased vascularity 
in the surrounding bone and no definite involvement of 
the scalp. The roentgenographic impression was that of 
cholesteatoma of the left parietal bone. Roentgeno- 
grams of the long Ixjnes, the pelvis and the thoracic 
cage showed no abnormalities. 

An electroencephalogram recorded a dominant rhythm 
of 10 per second. There were no seizure discharges 
and no evidence of a focal lesion. Overventilation pro- 
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duced no increased frequency of potential’s. The im- 
pression was that of a normal electroencephalogram. 
A spinal puncture showed normal pressure, no cells and 
a total protein of 25 mg. per hundred cubic centimeters. 

Operation. — On February 22, with the patient under 
ether anesthesia , administered intratracheally, a small 
flap was marked out on the left parietal region of the 
scalp, with its base along the midline. A small linear 
scar, apparently the result of the old head injury, was 
situated in the center of a small depression palpable in 
the parietal bone. The flap of the scalp was reflected 
and bleeding controlled with Raney clips. The peri- 
cranium was left intact, and there was no scarring in 
this plane' of the scalp. Beginning at the midline, the 
pericranium was reflected laterally for a distance of 
2 or 3 cm. This disclosed an old comminuted fracture 
of the parietal bone. A trephine opening was made in 
the caudal and mesial aspect of the operative defect 
through one of the old fracture lines. Nothing was 
seen through the thickness of the bone. About 3 mm. 


nounced in the lower extremity, with increased reflexes 
and a positive Babinski sign on the right side. There 
was no aphasia. The patient complained of numbness 
of her right arm and leg, but careful neurologic exami- 
nation showed no sensory loss. An electroencephalo- 
gram made on Feb. 29, 1944, revealed potentials of 
moderately decreased amplitude over the entire left 
hemisphere, but a second examination, on March 11, 
showed no difference in amplitude. 

On April 12 pneumoencephalograms (figure, B and 
C) demonstrated slight dilatation and upward displace- 
ment of the posterior half of the body of the left ven- 
tricle. The deviation of the ventricle pointed toward 
the defect in the skull. It was the opinion of the 
roentgenographic section that this was indirect evi- 
dence of cortical atrophy in the left parietal area of 
the brain. 

Because of abdominal pain and the discovery of the 
pelvic masses already noted, an exploratory pelvic 
laparotomy was performed on July 8, 1944, with the 



A, lateral roentgenogram of the skull, showing erosion of the inner table due to traumatic herniation of 
cortical tissue. B, posteroanterior encephalogram, showing dilatation of the ipsilateral lateral ventricle, with the 
deviation point toward the area of cortical atrophy. The original trephine opening is indistinctly visualized. C, 
lateral encephalogram, with “tenting” of the posterior half of the body of the lateral ventricle. The deviation 
points toward the area of cortical atrophy. 


of the longitudinal sinus was uncovered, and the dura 
lateral to this showed no change. With the intention 
of turning down the bone flap, a second trephine was 
made rostrally in the same plane. When this had been 
carried through the bone for a distance of 3 mm., a round, 
irregular hole, measuring 2 or 3 mm. in diameter, pre- 
sented on the lateral aspect of the trephine opening. 
The tip of a forceps passed through this hole encoun- 
tered no resistance, and the tissue protruding through 
it was obviously cortical. The trephine opening was 
carried along cautiously ; again, on its lateral aspect 
another large defect in the bone appeared, and, again, 
cortical tissue presented. Examination of a fiozen sec- 
tion showed normal brain tissue. It seemed evident, 
then, that a bone flap could not be turned down without 
destroying a large part of this apparent herniation of 
cortical tissue. The trephine openings were therefore 
filled with bone dust, and the scalp flap was resutured 
with fine silk sutures through galea and scalp. 

Postoperative Course. — On the afternoon following 
operation there developed right hemiparesis, more pro- 


removal of bilateral endometrial cysts of the ovaries. 
Convalescence was uneventful. 

The patient is now to be discharged from the service. 
Her only complaint is mild headache in the left frontal 
and parietal region and some weakness of the muscles 
of the right thigh and lower leg. Examination reveals 
only slight weakness in function of the quadriceps 
muscle and in dorsiflexion of the right foot. 

SUMMARY 

The degenerative process in the cranium 
following fracture of the skull during adoles- 
cence in this case was unusual in the destruc- 
tion of the inner table, the herniation of the 
brain into the defect and the absence of dura 
mater over the area of involvement. It is hoped 
that a description of the findings in this case 
ma}'- aid in the rather difficult differential diag- 
nosis in similar cases in the future. 


MYELITIS COMPLICATING IJIEASLES 


LAURENCE A. SENSEMAN, M.D. 

SAYLESVILLE, K. I. 


Myelitis as a complication of measles is rare. 
Only 4 cases have been reported in the Ameri- 
can literature.’- Ford “ reviewed the world litera- 
ture in 1928 and listed 29 cases of myelitis 
complicating measles. Rydeen and Glaser ’ 
found the reports of 8 cases since 1928, most of 
which are in the European literature. Little is 
known about the etiology and pathogenesis. 
Many obsen^ers believe that the condition is an 
acute inflammator}'- process caused by the neuro- 
tropic virus of measles. Finley ^ stated the 
opinion that allergy pla 3 ^s an important part in 
the pathogenesis. He based this belief on the 
fact that the complication appears at the height 
of the virus-antibody reaction and suggested that 
the myelitis is the result of a hypersensitive 
response on the part of the nervous system. 
Rivers and Schwenl<ter,^ working with monkeys, 
produced a demyelination encephalomyelitis by 
the repeated intravascular injection of a sus- 
pension of rabbit brain. They stated that the 
character of the lesions observed was such as 
to suggest that they were caused by an infectious 
agent. Putnam ® stated the opinion that the 
disease is noninfectious and that the fundamental 
abnormality is a spontaneous thrombosis of the 
small blood vessels within the central nenmus 
system; he suggested that the abnormality may 
be basically allergic; i. e., an instability of the 
blood-clotting mechanism may be one aspect of 
allergy. Morris and Robbins ° stated that 
measles per se is a relatively “simple” disease 
but that its neurologic complications require 

1. Rydeen, J. O., and Glaser, J. : Ascending ^lyelitis 
Complicating Measles, J. Pediat. 21:374, 1942. 

2. Ford, F. R. : The Nervous Complications of 

Measles, with a Summary of the Literature and Publica- 
tion of Twelve Additional Case Reports, Bull. Johns 
Hopkins Hosp. 43:140, 1928. ' 

3. Finley, K. H. : Pathogenesis of Encephalitis 
Occurring with Vaccination, Variola and ^Measles, Arch. 
Neurol. & Psychiat. 39:1047 (Maj-) 1938. 

4. Rivers, R., and Schwenkter, F. F. : Encephalo- 
myelitis Accompanied by Alyelin Destruction Experi- 
mentally Produced in Alonkevs, J. Exper. Med. Gl:689, 
1935. 

5. Putnam, T. J. : Newer Conceptions of Postinfec- 
tious and Related Forms of Encephalitis, Bull. New 
York .Acad. Med. 17:337, 1941. 

6. Morris, M. H.. and Robbins, A. : Acute Infectious 
Myelitis Following Rubella, J. Pediat. 23:365, 1943. 


further study and interpretation. Because of the 
rarity with which cases of postmeasles myelitis 
are reported in the literature, the following case 
is briefly described. 

REPORT OF A CASE 

A. M., aged 24, a Naval Air Corps officer, was con- 
fined to the house with measles while on leave, on 
April 10, 1944. On the fourth day following the ap- 
pearance of the rash the patient attempted to get oyt 
of bed and noticed pain and weakness in his legs. The 
following day he could not walk and complained of 
backache and headache. He noted that the skin of his 
legs was very sensitive and that he had a stiff neck. 
By noon of the same day he was unable to void. At 
the time of his illness he was in the home of his 
brother-in-law, a physician, who made a diagnosis of 
measles and arranged for a neurologic consultation. 

Examination revealed a well developed and well 
nourished man who seemed rather ill. Some rash 
was still present The temperature was 100 F. ; the 
pulse rate was 80, and respiration was normal. The 
patient was perspiring freely. He complained of pains 
in the lower extremities, bachache and headache. The 
pupils were equal and reacted normally to light -and 
in accommodation, and the fundi were normal. The 
cranial nerves were not involved. There was some 
nuchal rigidity. The deep reflexes were all of 4 plus 
intensity, and the abdominal and cremasteric reflexes 
were absent. Ankle and knee clonus were present and 
were more active on the left side than on the right. 
The Babinski and Hoffmann signs were not elicited. 
The Romberg test was not attempted because of the 
patient’s condition. 

A rather ‘irregular area of hyperesthesis extended 
from the lower border of the ribs to the level of the 
umbilicus. Below tliat level sensation was definitely 
impaired. Urinary retention was evidenced by’ disten- 
tion of the bladder, apparent on percussion. Lumbar 
puncture was productive of clear spinal fluid, with an 
initial pressure of 180 mm. Examination of the fluid 
revealed 3 white cells per cubic millimeter, a normal 
protein content, and 56 mg. of sugar and 725 mg. of 
chloride per hundred cubic centimeters. Culture of the 
fluid yielded no pathogens. The Wassermann reaction 
was negative. 

The patient was transferred at once to a Naval hos- 
pital, where laboratory and physical examination gave 
essentially the same results as those already noted and 
the diagnosis of postmeasles myelitis was confirmed. 
Their neurologic study, made on .April 14, was reported 
as follows: “Examination revealed normal cranial 
nerves; minimal weakness of the legs; absence of ab- 
dominal reflexes; an apparent increase in ffie deep re- 
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flexes, and an indefinite band of dysesthesia for superficial 
sensation from the fourth to the sixth thoracic derma- 
tome on the right side and the twelfth thoracic derma- 
tome on the left,” 

t 

A progress note, on April 20,- indicate’d that the pa- 
tient was “improving rapidly and had been able to 
walk with assistance for the past two days.” By 
]May 1 he had “no complaints and had been ambulatory 
for several days.” On May 6, twenty-six days after 
onset, he was “discharged to active dut}’.” 

Reexamination, on May 10, 1944, gave the following 
results ; “There was no involvement of the cranial nerves ; 
sensation was entirely normal, but the reflexes w'ere 
still increased bilaterally, particularly on the left side.” 


The patient stated that while he had slight pain in tl 
back, he w'as still able to carry out his usual routir 
duties in the Navy. Since then, and up to Dec. 21 
1944, the patient has been on full active duty. He ha 
lost no time because of illness. 

SUMMARY 

Because of the rarity with which postmeasles 
myelitis is reported in the literature, a case is 
briefly described, in which no specific therapy 
was instituted and the patient recovered, -without 
residuals. 

160 Chapel Street. 



Case Reports 


DISPLACEMENT OF THE PINEAL GLAND WITH EXTRADURAL HEMORRHAGE 
M. J. Madonick, M.D., and Ignaz W. Oljenick, M.D., New York 


Although displacement of the pineal gland in 
cases of intracranial hemorrhage ^ and subdural 
hematoma " has been described, mention of such 
an occurrence with extradural hemorrhage is 
uncommon in the literature. 

We report the following case of shift of the 
pineal gland with epidural bleeding due to trau- 
matic rupture of the middle meningeal artery. 

REPORT OF A CASE 

E. M., a Negro aged 40, was admitted to the Mor- 
risania City Hospital in a comatose state at 5 : 10 
a. m. on Dec. 1, 1944. He had been found uncon- 
scious in a subway station. No further information 
was obtainable. 

Examination on his admission to the ward revealed 
tliat he was well developed and well nourished. The 
pulse rate was 44 per minute, the temperature 95 F., 
the respiratorj’’ rate 12 per minute and the blood pres- 
sure 100 systolic and 65 mm. diastolic. There was a 
bruise over the left temporal region. His breath had 
an alcoholic odor. He was unconscious but moved his 
limbs on hea\'y supraorbital pressure. The left pupil 
was much larger than the right and was fixed to light; 
the right pupil reacted to light. The deep reflexes 
were hyperactive on the right side, and there were a 
positive Hoffmann sign and an inconstant Babinski 
sign on that side. Spinal tap disclosed grossly bloody 
fluid, which did not clear. A cell count showed 40,000 
crenated erythrocytes per cubic millimeter. 

At 10 a. m., five hours after his admission, the 
patient was still comatose but moved his limbs on 
stimulation of the nasal mucosa. The left pupil was fully 
dilated, and the right had dilated to nearly the same 
size as the left; neither pupil reacted to light. There 
was no papilledema. Meningeal signs were not elicited. 
There was slight eversion of the left lower limb, with 
a Babinski sign on the same side. The deep reflexes 
were depressed throughout. 

The blood sugar was 118 mg, and the urea nitrogen 
16.5 mg. per hundred cubic centimeters, and the Kahn 

From the Neurologic Service of Dr. N. Savitsky, 
l\Iorrisania City Hospital. 

‘ 1. (a) Vastine, J. H., and Kinney, K. K. : The 
Pineal Shadow as an Aid in the Localization of Brain 
Tumors, Am. J. Roentgenol. 17:320, 1927. (b) Naff- 
ziger, H. C. : Method for the Localization of Brain 
Tumors, Surg., Gynec. & Obst. 40:481, 1925. 

2. Dyke, C. G., and Davidoff, L. M. : Chronic Sub- 
dural Hematoma : A Roentgenographic and Pneu- 
mencephalographic Study, Bull. Neurol. Inst. New York 
7:112, 1938. Pancoast, H. K. ; Pendergrass, E. P., and 
Schaeffer, J. P. : The Head and Neck in Roentgen 
Diagnosis, Springfield, 111., Charles C Thomas, Pub- 
lisher, 1942, p. 637. Lauder, G. H.; Browder, E. J., 
and Watson, R. A.: Subdural Hematoma, Ann. Surg. 
113:170, 1941. Gross, S. W., and Ehrlich, W.: Diag- 
nosis and Treatment of Head Injuries, New York, 
Paul B. Hoeber, Inc., 1940, p. 55. 


reaction of the blood was negative. Urinalysis revealed 
nothing abnormal. 

Roentgenographic study of the skull showed a linear 
fracture line in the left temporal region which entered 
the base of the skull and crossed the groove of the 
middle meningeal artery (figure, B). The pineal gland 
was displaced 1 cm. to the right of the midline, 1 cm. 
posteriorly and 0.5 cm. downward (figure, B), as ob- 
served by the method of Vastine and Kinney 

Operation was performed with infiltration of a solu- 
tion of procaine hydrochloride containing epinephrine 



Roentgenograms showing (A) lateral and (B) down- 
ward and posterior displacement of the pineal gland. 
A fracture line is seen crossing the groove of the 
middle meningeal artery. 

hydrochloride. An exploratory burr hole was made 
over the site of the fracture line. Dark blood was 
seen as soon as the opening w^as completed. An osteo- 
plastic flap was turned down. A large clot, estimated 
to contain about 500 cc. of blood, was evacuated, and 
the ruptured middle meningeal artery was clipped. The 
brain did not show any tendency to return to its normal 
place. On the patient’s return to the ward his condi- 
tion was unchanged. 

The patient did not recover consciousness. The res- 
piratorj' rate rose to 40 per minute and the temperature 
to 104 F., and bronchopneumonia developed. He died 
three days after operation. Autopsy, by the medical 
examiner, revealed a fracture^ as noted in the roent- 
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genogram, and a small quantity of extradural blood. 
Examination did not reveal subdural effusion, brain tumor 
or edema of the left hemisphere. 

The literature dealing with roentgenologic 
findings in the skull in cases of extradural 
hemorrhage is chiefly concerned with the pres- 
ence or absence of a fracture line crossing the 
grooA^e of the middle meningeal vessels. Although 
in occasional cases such a fracture is not present,® 
the majority of authors have stated the opinion 
that it always exists.^ In fact, Eynon favors 
trephination in all cases in which such a fracture 
is shoAvn even though there are no symptoms. 
Mehrtens and Newell ® described the case of a 
man aged 52 with a shift of the pineal gland of 
0.5 cm., which returned to its position in the mid- 

3. (a) Falconer, M. A., and Schiller, F. ; Middle 

^leningeal Haemorrhage After Head Injury Without 
Fracture of the Skull, Lancet 1:532, 1942. (b) McKen- 
zie, K. G. : Extradural Haemorrhage, Brit. J. Surg. 
26:346, 1938. (c) Turner, J. W. A.: Observations on 
the Cerebrospinal Fluid in Closed Head Injuries, Brit. 
M. J. 2:569^ 1941. {d) Jacobson, W. H. A.: On 

Middle Meningeal Haemorrhage, Guy’s Hosp. Rep. 
43:147, 1886. (e) Woodhall, J. W.; Devine, J. W., 

Jr., and Hart, D. : Fractures and Other Trauma — 
Homolateral Dilatation of the Pupil, Homolateral Par- 
esis and Bilateral Muscular Rigidity in the Diagnosis 
of Extradural Hemorrhage, Surg., Gynec. & Obst. 
72:391, 1941. (/) Amyot, R. : Hemorragie extra- 

durale par rupture traumatique de la meningee. Union 
med. du Canada 69:485, 1940. 

4. (a) Peet, M. M., in Brock, S. : Injuries of the 

Skull, Brain and Spinal Cord, Baltimore, Williams & 
Wilkins Company, 1940, p. 133. '{h) Munro, D., and 
ilaltby, G. L. ; Extradural Hemorrhage : A Study 
of Forty-Four Cases, Ann. Surg. 113:192, 1941. (c) 

Eynon, C. M. : A Case of Symptomless Middle Menin- 
geal Haemorrhage, Canad. M. A. J. 16:957, 1926. 

5. Mehrtens, H. G., and Newell, R. R. : Displace- 
ment of the Pineal Gland in Head Injury, J. Neurol. 
& Psychopath. 6:198, 1925. 


line about eight weeks after an acute head injury. 
Their diagnosis was cerebral contusion. Schiiller.'' 
in a discussion of acute head injuries, stated: 

The diagnosis of an extensive hemorrhage inside the 
cranial cavity can be made if a displacement of the 
pineal shadow is present. 

However, he did not describe the type of hemor- 
rhage or its location. The only reported case 
that we find in which there was a shift of 
the pineal body with extradural bleeding was 
the first case reported by Falconer and Schiller, 
that of a man aged 30 with slight displacement 
of the gland. The patient recovered after 
operation. In Grant’s ^ case a lateral view of the 
.skull showed a slight shift of the pineal, gland 
posteriori)’’, but, unfortunately, the pineal shadow 
was not seen in the anteroposterior view. 

CONCLUSION 

Displacement of a calcified pineal gland in a 
case of extradural hemorrhage was demonstrable 
in a roentgenogram. We have been able to find 
only 1 similar instance in the literature. We 
believe that a large effusion of blood must be 
present to produce the shift. In cases of acute, 
head injury attention should be directed not only 
to the presence of a fracture line but to displace- 
ment of the pineal gland. The case described 
demonstrates that such a shift can be caused by 
extradural hemorrhage, and not by subdural or 
intracerebral bleeding only. • 

1882 Grand Concourse. 

435 East Fifty-Seventh Street. 

6. Schuller, A. : X-Ray Examination in Recent 
Head Injuries, M. J. Australia 1:641, 1941. 

7. Grant, W. T. : Chronic Extradural Hematoma: 
Report of a Case of Hematoma in Anterior Cranial 
Fossa, Bull. Los Angeles Neurol. Soc. 9:156, 1944. 



Obituaries 


LLOYD HIRAM ZIEGLER, M.D. 
1892-1945 


Dr. Ziegler, medical director of the Milwaukee 
Sanitarium, Wauwatosa, Wis., died there, in the 
midst of his work, the evening of Jan. 8, 1945. 
Death came in a coronary heart attack, shortty 
after supper, ‘as he was about to intendew a 
patient. There had been no previous attack. 
Dr. Ziegler was a man of great energy and drive ; 
he pursued his hobbies with as much intensity 
as he did his professional work. As a result, 
relaxation did not come easily to him ; action 
was his life, and in action he died, at the age 
of 52. 


with the veterans of the First World War,, before 
the Veterans Administration became a separate 
organization. He then became house officer at 
the Phipps Psychiatric Clinic under Adolf 
Meyer, whose thoughts and comments remained 
deeply etched in his memory. There followed 
a fellowship in neurology at the, Mayo Clinic and 
a year as resident at the Colorado Psychopathic 
Hospital, in Denver. 

Dr. Ziegler then returned to the Mayo Clinic 
in 1926 as a member of the staff of the section 



(Photograph by Blackstone Studios, 20 West Fifty-Seventh Street, New York.) 

LLOYD HIRAM ZIEGLER, M.D. 
1892-1945 


He was born in Bippus, Ind,, June 1, 1892. 
His education and training were broad. He 
received his Bachelor of Arts and his Master 
of Arts in psycholog)’’ from Indiana University 
in 1914 and 1916, and his Doctor of Medicine 
from the University of Minnesota in 1921. His 
internship was served at St. Elizabeths Hospital, 
Washington, D. C., after which he entered the 
United States Public Health Service, working 


on neurology and remained there until 1930, 
when he took^charge of the department of neurol- 
ogy and psychiatry at Albany Medical College 
and the Albany Hospital. At Albany he plunged 
into a strenuous program of teaching, admin- 
istration and clinical work, the last including 
not only his activities in connection with the 
school and hospital but an active private con- 
sulting practice. 
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In 1937 Dr. Rock Sleyster, director of the Mil- 
waukee Sanitarium, asked Dr. Ziegler to come 
to Wauwatosa as his associate director. He did 
so, and on Dr. Sleyster’s death, in March 1942, 
he succeeded him as medical .director. 

Dr. Ziegler’s professional life was one of un- 
remitting labor. This is partly attested to by 
the long series of his publications in neurology 
and psychiatry. At the time of his death he was 
at work on a book which was to deal with his 
basic ideas on the problem of human behavior 
and its deviations, for which he had collected a 
great deal of historical and technical material. 
Several chapters had already been written. 

In his teaching, which took much of his energy 
and enthusiasm, he left a deep impression. It 
was his constant aim to stimulate, encourage and 
guide, without domineering, and many students 
and house officers remember his efforts in their 
behalf. 

One of his distinctions, a necessarily rare one, 
was that of being a founding member of the 
American Board of Psychiatry and Neurology. 
He continued to serve on that board, without 
interruption, until he died. Only a person who 
has seen something of the tasks and problems of 
that board — even from the sidelines — can appre- 
ciate the amount of mental and physical stress 
involved in such an assignment. 

Dr, Ziegler was profoundly aware of his duties 
as a citizen and ’was alert to the problems of 
government and social organization. One of 
these problems, with which he had had early 
experience, was that of the returning veteran. 
And one of his last activities in this field was 
his initiative in the establishment of a voluntary 
neuropsychiatric rehabilitation clinic in Mil- 


waukee, under the auspices of the Neuro-Psy- 
chiatric Association there. Ironically, he was 
never able to attend that clinic. His duties on 
the American Board kept him away the night it 
opened ; he had planned to come the evening he 
died, but a clinical responsibility intervened then 
also. He was active in the cause of mental 
hygiene and made many addresses furthering 
public interest in it. 

No account of Dr. Ziegler’s work would be 
complete without a mention of his closest col- 
laborator, his wife. She shared the work in 
every paper he wrote, editing and transcribing, 
and to her he confided his notes and his ideas 
about the book he was writing, A closer work- 
ing partnership cannot be imagined than existed 
between these two. He is survived by her and 
by his brother. Major Newell Ziegler, also a 
physician, and a sister, Mrs. Leland Rogers. 

Dr. Ziegler was a member of many profes- 
sional societies and committees, and of Phi Beta 
Kappa, Sigma Xi and Alpha Omega Alpha. He 
was less interested in the political aspects of his 
societies than in their medical, scientific and 
humanitarian activities, and he was always eager 
to further these objectives. 

Above all, and more important than his out- 
standing gifts of intellect, energy^ and kindness, 
was the fact of his uncompromising integrity, 
a quality without which all other endowments, 
in a physician especially, are worse than worth- 
less. In Dr. Ziegler’s passing members of the 
medical profession and the public have lost a true 
physician and a true man, one who has left his 
mark not only in his written words but in the 
memories of those who knew him. 

Josef A. Kindwall, M.D. 
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Anatomy and Embryology 

Embryonic Grafts in Regenerating Tissue ; II The 
Behavior of the Transplants During Host 
Metamorphosis in Rana Pipiens. Henry S. 
Emerson, J. Exper. Zool. 95:61 (Feb.) 1944. 

Grafts of the embryonic eye and adjacent tissues (Rana 
pipiens) differentiate well in the larval tail blastema 
and continue to live long after the tail is fully re- 
generated. The eye, with lens ; brain parts, and striated 
muscle may live over ninety days, and cartilage over 
oqe hundred days, after operation, an observation which 
indicates indefinite existence in this environment. 

Some of the transplants disintegrate after the first 
week or two of differentiation. The frequency of this 
necrosis does not depend on the length of time in the 
host. Often all the graft is resorbed except the cartilage. 

During the first half' of the period of resorption of 
the host tail the transplants are not affected, but during 
the last half of this period most of them are resoi'bed. 
This is due to difficulties in successful transfer of the 
graft from the tadpole tail to the body of the young 
frog. After metamorphoris the transplant tissue may 
remain in the posterior end of tlie host, or, more rarely, 
a large graft is retained near the tip of the urostyle of 
the young adult frog. 

Large transplants present after metamorphosis are 
still covered by host epidermis, originally skin of the 
tadpole tail. Apparently, the graft must prevent the 
skin of the larval tail from being resorbed. However, 
this epidermis approaches in coloration, degree of corni- 
fication and character of the cutaneous glands the skin 
of the adult body. 


Methods .of Initiating Limb Regeneration in Adult 
Anura. S. Meryl Rose, J. Exper. Zool. 95:140 
(March) 1944. 


After limb amputation, the limb stumps of adult frogs 
(Rana clamitans, Rana palustris and Rana pipiens) 
healed rapidly, with a covering of old skin. There was 
no regeneration except that of cartilage and skin and 
the formation of scar tissue. When amputation sur- 
faces remained open because of treatment with strong 
salt solutions or because the skin was cut away or for 
some other reason, regeneration began. Regeneration 
of a normal distal forearm and wrist region was 
obtained in sodium chloride-treated- frogs when the 
amputation was made through the midforearm. The 
regenerants were all abnormal in the hand region. 

The author discusses at length the manner in which 
skin may inhibit regeneration. The treatments that 
evoke latent regenerative ability are drastic and may 
act by causing removal or dedifferentiation of inhibiting 
skin or by producing' internal trauma, with consequent 
hyperemia, edema and dedifferentiation. The barrier 
blocking better regeneration of the frog limb appears 
to be early development of the dermis and fibrous scar 

Reid, Boston. 


Further Experimental Evidence Against “Neuro- 
tropism” in Nerve Regeneration. Paul Weiss 
and A. Cecil Taylor, J. Exper. Zool. 95:233 
(March) 1944. 

• No deflection of nerve fibers toward degenerating 
nerve has been observed in tissue culture, either in 
blood plasma or^ in liquid medium. 

Sciatic nerves in the rat were allowed to regenerate 
in forked arteries (bifurcation of the abdominal aorta 
into the two common iliac arteries). The outgrowing 
fibers were' confronted with alternative routes, either 
into blind channels or into channels containing de- 
generated nerve, tendon or fat tissue. Nerve fibers 
grew into blind channels with the same density and 
orientation as into channels containing degenerated 
nerve. Supposedly, "neurotropic” agents in one channel 
did not deflect nerve fibers in that direction. There was 
no tendency for nerve fibers approaching the entrance 
of a channel containing degenerated nerve to converge 
on it. 

Nerve fibers in a blind channel formed irregular ter- 
minal plaques. Although there was no functional con- 
nection with appropriate end organs, these plaques 
persisted, without signs of resorption, for at least twenty 
weeks. In a single case fibers connected with a func- 
tional periphery grew to a larger size (diameter) than 
did unconnected fibers. 

Neural Differentiation of Ectoderm Through Ex- 
posure JO Saline Solution. Johannes Holt- 
freter, j. Exper. Zool. 95:307 (April) 1944. 

The hypothesis of Barth that isolated ectoderm of an 
early amphibian gastrula when curled up in a favorable 
direction will form neural tissue was tested by corre- 
sponding explantations performed on the different areas 
of gastrulas of Triturus torosus and Amblystoma punc- 
tatum. 

Pure ectoderm of T. torosus, cultured in saline solu- 
tion, did not develop neural tissue. Irrespective of the 
initial curling, presumptive medullary plate and pre- 
sumptive epidermis formed merely epidermis. These 
results confirm the generally accepted view. 

Isolated ectoderm of A. punctatum differentiated into 
neural tissue in 60 per cent of the gastrulas. However, 
there was no indication that the early gastrula ectoderm 
is endowed with a gradient for neural formation or that 
the initial curling is causally related to the trend of 
differentiation. 

Explants from gastrulas in more advanced stages 
showed a higher percentage of cases of neural formation 
when taken from the presumptive medullary plate (100 
per cent) and a low'er percentage when taken from the 
presumptive epidermis (15 per cent). Determinative 
stimuli must be received- by the ectoderm from invagi- 
nated tissues before the time of isolation. 

In explants of A. punctatum prolonged exposure to 
saline solution produces peripheral disintegration of the 
uncoated ^ectoderm cells. The quantity, and location of 
neural tissue within an explant can be correlated with 
the proportional amount and the site of decomposition. 
The inductive effect of the medium may result from 
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stimuli from the decaying free cells or from a less 
severe denaturation of the surviving cells themselves. 

Whenever the amount of induced neural tissue reached 
a certain volume, it became organized into a brainlike 
structure. Eyes, nasal placodes and, in rare cases, 
derivatives of the neural crest could be formed by any 
area of the gastrula ectoderm. The axial polarity of 
these formations was influenced by their topographic 
relation to the source of induction. Rijid Boston 
\ 

Restitution of the Medulla Following Unilateral 
Excision in the Embryo. S. R. Detwiler, J. 
Exper. Zool. 96:129 (July) 1944. 

Unilateral excision of the medulla in embryos of 
Amblystoma punctatum with closed neural folds (stages 
21 to 23) may be followed by gradual restitution from 
the contralateral, intact, wall. This restitution is accom- 
plished by extensive proliferation and migration of 
extraependymal cells of the intact side, and not from 
the cephalic and caudal stumps on the side of excision. 
The ependyma does not play any compensatory role 
in the proliferative processes. 

In embryos with bilaterally symmetric medullas, the 
regenerated wall appears complete and normal except 
for the absence of Mauthner’s cell and the failure of 
the vestibular system to develop.. On the intact side 
the medial longitudinal fasciculus is slightly reduced 
in size. 

When physiologic failures occurred, such as inability 
to lurch and snap at food, the medullas were observed 
to show disorderly and bizarre arrangements of cells 
and fiber bundles. In embryos with complete regen- 
eration, the physiologic activities were essentially com- 
plete except for the limitations imposed by the absence 
of Mauthner’s neuron and the vestibular apparatus. 

In embryos with completely closed neural tubes, one- 
half the medulla is essentialb'^ totipotent for the whole. 

Reid, Boston. 

Selectivity of Nerve Fibers from the Dorsal and 
Ventral Roots in the Development of the Frog 
Limb. A. Cecil Taylor, J. Exper. Zool. 96:159 
(July) 1944. 

The relation of nerve fibers from the dorsal and ven- 
tral roots to their terminal tissues in the developing 
limb bud of the frog (Rana pipiens) was investigated 
by means of experiments in which the spinal ganglia or 
portions of the spinal cord were removed at an earlj’^ 
larval stage. In the absence of ventral root fibers, no 
muscular nerves were established, while a typical pat- 
tern of cutaneous nerves was produced by the remaining 
dorsal root fibers. When dorsal root fibers were absent, 
typical muscular nerves were developed, and, in addition, 
many small cutaneous nerves were present. Taylor 
suggests that the fine fibers of the cutaneous nerves may 
be of sympathetic origin. 

A selective action of the nerve fibers results in the 
termination of nerves in homologous tissue. The se- 
lectivity of pioneer fibers is probably one of preneural 
pathways, rather than of the terminal tissues themselves. 
Later fibers exhibit selectivity ‘in relation to established 
neural pathways. 

Cell Number 'and Cell Size in the Ectoderm During 
Neurulation (Amblystoma Maculatum). Roy 
Gillette, J. Exper. Zool. 96:201 (Aug.) 1944. 

An estimation was made of changes in ectodermal 
volume, cell number and cell size during neurulation in 


Amblystoma maculatum. This was done by measuring 
the cross section areas and by counting nuclei in fixed 
sections selected at equal intervals along the entire 
length of 10 neurulas, representing various stages. 

An increase of 23 per cent in the number of cells 
present in the total ectoderm without an increase in total 
volume of the ectoderm during neurulation indicates that 
the mitotic activity represents cleavage. An analysis of 
various regions shows that the decline in cell size is a 
general feature of all parts of the ectoderm. No sig- 
nificant difference in cell size was observed between the 
dorsal regions, containing mostly neural tissue, and the 
lateral and ventral regions, containing epidermal cells. 

There is a pronounced gradient in cell size in the 
anterior-posterior axis of the neurula, with the smaller 
cells anteriorly. This gradient is present throughout 
neurulation and is regarded as a manifestation of the 
animal-vegetal gradient which originated during cleav- 
age stages. 

Gillette concludes that localized cell enlargement ahd 
differences in mitotic rate are not involved in neurulation 
up to the meeting of the neural folds. The thickening 
of the neural plate is attributed to a concentration in 
the dorsal region of cells from both the lateral and the 
dorsal areas. The thickening of the neural plate, though 
to a certain extent autonomous, is part of the general 
pattern of morphogenetic movements of the entire 
neurula. 

The author suggests that the folding of the plate is 
a direct result of the contraction process, which pro- 
gresses at a greater rate at the surface than in the deeper 
tissues. Thus, the surface coat of Holtfreter may be 
an important factor in neurulation, as well as in gas- 
trulation. 

The interpretation of epithelial expansion and con- 
traction in terms of “surface tendencies” of the cells 
provides a method for the quantitative analysis of 
morphogenetic movements occurring in epithelial layers. 

Reid, Boston. 

The Effects of Peripheral Factors on the Pro- 
liferation AND Differentiation in the Spinal 
Cord of Chick Embryos. Viktor Hamburger and 
Eugene L. Keefe, J. Exper. Zool.’ 96:223 (Aug.) 
1944. 

Hamburger and Keefe made an analysis of the hypo- 
plasia of the lateral motor columns at the brachial level 
caused by extirpation of the wing bud in early chick 
embryos, and of the hyperplasia observed in similar 
segments of the cord when a supernumerary wing was 
implanted beside the host wing. 

In embryos with unilateral extirpation of the limb 
there was a slight effect of the operation on the rate 
of proliferation, as shown by mitotic figure counts made 
during the peak of activity at the brachial level of the 
spinal cord. This effect appeared to be transient. Sep- 
arate cell counts made of the lateral motor and of the 
nonmotor ventral neurons of the brachial and lumbo- 
sacral le-)^els of the cord showed that the total cell 
numbers were strikingly identical for the two sides in 
all instances, whether of limb extirpation (4 embryos) 
or of wing transplantation (1 embryo). The deficit of 
motor neurons in cases of hypoplasia was balanced by 
an excess of nonmotor neurons. In the case of motor 
hyperplasia the surplus was compensated for by a deficit 
in nonmotor cells. It is concluded that peripheral fac- 
tors control the differentiation of potential neuroblasts 
into motor neurons. The mechanism of peripheral con- 
trol is discussed, and an inductive effect of differentiated 
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primary motor neurons on adacent indififerent cells is 
postulated. 

In view of these results and of other recent studies, 
the authors suggest that a similar effect of peripheral 
factors on differentiation of motor neurons exists also 
in the urodeles. 


Physiology and Biochemistry 

A Study of Gnosis, Praxis and Language Fol- 
lowing Section of the Corpus Callosum and 
Anterior Commissure. Andrew J. Akelaitis, J. 
Neurosurg. 1:94 (March) 1944. 

The purpose of this study was to evaluate the role 
of the anterior commissure in interhemispheral con- 
nections after partial or complete section of the corpus 
callosum. The tests used toward this end included 
observations on body laterality, a study of the higher 
visual functions in each homonymous field, praxis, 
auditory gnosia, tactile-, gnosia, temporal-spatial gnosia 
and language functions. 

The first patient had had drainage of an abscess of 
the frontal lobe and was left with residual generalized 
grand mal and petit mal seizures and episodic aphasia. 
Three j'ears later the corpus callosum was sectioned 
completely, with resulting continuation of the convul- 
sions and no major impairment of the higher func- 
tions. One year later the anterior commissure was 
cut, with the same results. 

In the second patient, a depressed woman, the genu 
and the anterior half of the body of the corpus callosum, 
the anterior commissure and the right limb of the fornix 
were sectioned ; this was followed by bilateral leukotomy. 
The higher functions studied in her case likewise were 
not impaired. 

The authors concluded that there exist interliemi- 
spheral neuronal pathways other than those present in 
the corpus callosum and the anterior commissure. 

Whiteley, Philadelphia. 

The Physiological Basis of Concussion. A. Earl 
Walker, Jerry J. Kollros and Theodore J. Case, 
J. Neurosurg. 1:103 .(March) 1944. 

With the use of general anesthesia, concussion was 
produced in a large number of cats, dogs and monkeys 
by the impact of a weight falling against the fixed 
skull. Tetanic spasm, respiratory and circulatory 
changes, alterations in reflexes and electrical distur- 
bances were used as criteria of the concussive state. 
Cerebral concussion gave rise to the following clinical 
manifestations: (1) tetanic phenomena, consisting ‘of 
immediate generalized muscular spasm, due to intense 
stimulation of the central nervous system; (2) respira- 
tory changes, manifested by sudden spasm of the inter- 
costal and diaphragmatic muscles, which produces a 
gasp, followed by normal or irregular respiration or 
by apnea; (3) changes in blood pressure, causing ar- 
terial hypertension, due to stimulation of the vasomotor 
centers, with production of peripheral vasoconstriction; 
(4) bradycardia, due to excitation of the vagus fibers, 
and (5) reflex changes, shown by the abolition of 
tendon reflexes and heightening of the threshold of the 
anterior horn cells. 

The electroencephalogram revealed a generalized ini- 
tial discharge, followed by a pronounced increase in 
the frequency of cortical activity, with subsequent 
relative inactivity and a gradual return to normal. The 


intense ' electrical discharge was conveyed to all parts 
of the nervous system. 

The authors conclude that the physiologic basis of 
concussion is the traumatic breaking down of the polar- 
ized cell body membranes of the neurons of the central 
nervous system, with resulting firing of the axons, 
producing widespread excitation, both centrally and 
peripherally. The important factor in depolarization 
is the rapid oscillations in intracranial pressure. Fur- 
thermore, the altered permeability of the cell wall 
following breakdown of the membrane is the basis of 
postconcussion cerebral edema. 

Whiteley, Philadelphia. 

Problems of Fatigue as Illustrated by Experiences 
IN THE Decompression Chaaiber. John Romano, 
George L. Engel, E. B. Ferris Jr., Henry W. 
Ryder, Joseph P. Webb and M. A. Blankenhorn, 
War Med. 6:102 (Aug.) 1944. 

Forty-three adults were exposed repeatedly to simu- 
lated altitudes of 35,000 feet (10,250 meters) in a de- 
compression chamber. They were studied clinically, 
psychologically and by various laboratorj"- tests. In most 
cases each exposure was terminated because some in- 
capacitating symptom of decompression sickness devel- 
oped, but if none occurred the exposure was terminated 
at the end of three hours. 

Three types of fatigue were observed: 1. Muscular 
fatigue occurred in all subjects, was unrelated to de- 
compression sickness and disappeared with training. 2. 
Fatigue related to boredom occurred most often during 
exposures with no decompression sickness, when the 
subject remained inactive at the induced altitude for long 
periods. 3. The third type of fatigue was not related to 
muscular effort or to boredom. It was experienced by 
24 of the 43 subjects and sometimes was related to de- 
compression sickness and sometimes not. It was delayed 
in onset and resembled fatigue experienced during or 
after'anxiety situations. The results of laboratory bests, 
including the electroencephalogram, the blood count and 
circulatory reactions to changes in posture, showed no 
direct correlation with any type of fatigue. In a few 
instances damage to tissues subsequent to decompression 
sickness undoubtedly contributed to the fatigue. 

Pearson, Philadelphia. 

Tonic and Clonic Responses of the Cerebral Cor- 
tex Following Hyperventilation. Efren C. del 
Pozo, Arch, de neurol. y psiquiat. de Mexico 7:35 ' 
(March-April) 1944. 

The experiments recorded by del Pozo were per- 
formed on cats anesthetized with dial, the electrodes 
being applied directly to the cortex, which was covered 
only by the leptomeninges. The stimuli came from an 
induction coil at intervals of two or three minutes to 
avoid facilitation and extinction. Hyperventilation was 
produced by artificial respiration, with a cannula in the 
trachea. Blood pressure readings were taken by placing 
a cannula in the left carotid arter 3 ^. The responses of 
the cortex to faradic stimulation were recorded electro- 
encephalographically. In all cases hyperventilation 
caused diminution to disappearance of the usual cortical 
responses to faradic stimulation. In addition to short- 
ening the duration of response, there was diminution 
of frequency and voltage of the electric potentials. The 
decrease in blood pressure during hyperventilation is 
not the cause of this diminution of cortical response. 
The author conducted experiments in which the fall 
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in blood pressure was avoided. The possibility of 
cortical inhibition due to an increase in afferent stimu- 
lation of the lungs and other viscera was ruled out by 
sectioning the vagus nerves and by performing experi- 
ments on animals with transverse sections through the 
midbrain. The same diminution of response during 
hyperventilation was observed. When artificial res- 
piration was employed with air containing 4 per cent 
carbon dioxide, the cortical responses did not diminish 
or disappear. If the concentration of carbon dioxide 
was 8 to 10 per cent, the cortical responses persisted, 
even though no attempt was made to prevent lowering 
of blood pressure. The author offers no explanation 
of the mechanism for depression of cortical activity 
following faradic stimulation of the brain with hyper- 
ventilation. These results seem to contradict those of 
Brody and Dusser de Barenne, who reported an in- 
crease in responses to electrical stimulation of the 
cortex during hyperventilation. 

Savitsky, New York. 

Physiological Interpretation of the Convulsant 
Action of Metrazol. Carlos Gutierrez-Noriega, 
Rev. de neuro-psiquiat. 7:14 (March) 1944. 

Gutierrez-Noriega studied the action of metrazol ad- 
ministered in convulsant doses in decerebrate dogs. 
The experiments were performed on six groups of 
animals, transverse sections being made at various levels 
of the brain, stem. Eight to 10 animals were used 
for each level, the sections being made (1) between the 
medulla and the pons, (2) at the midpons, (3) between 
the pons and the mesencephalon, (4) between the upper 
and the lower quadrigeminal tubercles, (5) above the 
mesencephalon and (6) above the hypothalamus. Met- 
razot was injected sixty to ninety minutes after opera- 
tion ; the dose (convulsant for normal dogs) was 20 mg. 
per kilogram for the first injection and 30 to 40 mg. 
per kilogram for the second injection, an hour later. 
The>- results of this experiment confirmed the observa- 
tions of other investigators that the intensity and fre- 
quency of the convulsions diminish in direct proportion 
as the brain stem is cut at successively lower levels. 
It was further observed that tonic convulsions originated 
chiefly in the brain stem, specially in the medulla, pons 
and mesencephalon, while clonic convulsions had their 
origin in the upper nuclei (the mesencephalon, the 
hypothalamus and possibly the cortex). 

Analysis of these results, together with the effects ob- 
tained by local injection and use of the Horsley-Clarke 
apparatus and bioelectric recordings, leads to the con- 
clusion that the nerve discharges produced with stimu- 
lating drugs originate simultaneously or in rapid 
succession in many nerve centers. Summation, both 
temporal and spatial, takes place in the neurons of the 
spinal cord and the medulla and secondarily in other 
parts of the neuraxis, and the epileptic seizure follows. 
It is likely that the quantity of metrazol reaching each 
cell is subliminal for most of the neurons and that 
a liminal dose would be lethal. In all probability, the 
prolongation of the convulsion is due not to the con- 
tinued action of the drug on the neurons but to the 
internuncial circuits of reexcitation. 

The author calls attention to two theories regarding 
the pathogenesis of epileptic convulsions. According 
to one of them, the disturbance resides in the isolated 
neuron, the discharge rhythm of which is intensified 
or prolonged beyond the normal. The second theory 
admits no difference between the reaction of the normal 


neuron and that of the isolated neuron during a con- 
vulsion; the pathologic phenomenon resides in the 
entire neuron system and is due to the widespread 
summation and synchronization. The author’s experi- 
ments tend to sustain the second theory, although the 

two are not in opposition. t- , 

‘ PiETRi, New York. 


Schizophrenia and Paranoid Psychoses Among 
College Students. -Theophile Raphael and 
Leonard E. Himler, Am. J. Psychiat. 100:443 
(Jan.) 1944. 

Raphael and Himler studied the incidence and features 
of schizophrenic and paranoid psychoses in the student 
body at the University of Michigan. They found the 
incidence of schizophrenia to be 1 in 65S of the student 
population and that of paranoid disturbances to be 1 in 
3,070. Schizophrenia was more common among male 
students and paranoid psychoses among female students. 
Forty-two per cent of the patients with schizophrenia 
were first seen in the acute phase of the illness. Students 
with paranoid psychoses were in the main considerably 
older than those with schizophrenia. Forty-four per 
cent of the patients were referred during their first 
semester. Evaluations of the personality at the time of 
admission to college showed a high incidence of un- 
satisfactory and doubtful ratings. Aided by regular 
contacts with the mental hygiene unit 46.1 per cent of 
the schizophrenic students and 60 per cent of the stu- 
dents with paranoid disorders were able to pursue their 
studies. The authors stress the importance of a proper 
screening of prospective students. 

Forster, Philadelphia. 


Neurotic Reactions in Parachutists. Joseph G. 
Kepecs, Psychoanalyt, Quart. 13:273, 1944. 

All, or nearly all, parachutists fear jumping. This 
produces a conflict between the desire to escape and the 
demands of duty and personal pride. When a neurotic 
reaction develops, its occurrence and character depend 
on the sum of two factors : the man’s life experiences, 
which, through the agency of repressed fears and un- 
conscious fantasies, may invest a situation with terror 
far beyond the actualities, and the events of the trau- 
matic situation, i. e., actual physical injury' or narrow 
escapes. 

Kepecs reports 5 cases of neuroses in parachutists and 
concludes that the neurotic symptoms express (1) 
attempts to repeat the traumatic situation, (2) efforts 
to escape the danger, (3) attempts to heal the wounds 
inflicted on the personality by the trauma, (4) attempts 
to repeat the trauma in terms of analogous threats to 
infantile existence which have been regressively reacti- 
vated and (5) other neurotic conflicts which parasitize 
on the available symptoms. The reactivation of infantile 
problems and tlie considerable degree to which the 
actual conflict is expressed in terms of childhood fears 
are attributable to three factors, which also shed light 
on the inability to give up the neurotic defenses after 
the way out of the danger has been successfully 
achieved : 

1. A struggle against the social periphery of the 
superego, which is perceived also as a struggle against 
parental demands. This conflict has two phases: first, 
the ’attempt to escape the danger, and, second, the 
attempt to avoid recognizing the significance of the 
escape which the ego conceives as a defeat and which 
produces reproaches of cowardice from the superego. 
On a more immature level, this constitutes an escape 
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from dangerous activity by becoming passive, and it 
unconsciously signifies coming to terms with the father 
and escaping death by sacrificing the genital. The re- 
gressive expression serves as a defense against the 
recognition of the desire to escape. 

2. The threat of destruction or dissolution ‘of the 
personality overwhelms the ego and results in a con- 
traction and diminution of the ego’s powers. As a 
result the subject’s adaptations take on an infantile 
character. 

3. The direct threat to life and to the integrity of 
the body is connected symbolically and by association 
with specific early experiences, which may be regarded 
as sensitizing. Oral desires and oral ways of dealing 
with the world are important. Strong preexisting oral 
fixations appear to predispose to reactions of this type. 

Pearson, Philadelphia. 

*RE^rARKS ON THE CoMMON PHOBIAS. OtTO FeNICHEL, 

Psychoanalyt. Quart. 13:313, 1944. 

The simple phobic pattern is as follows : In a situation 
which unconsciousli*- represents an instinctual temptation, 
anxiety is felt instead of excitement, and subsequently 
the situation, and therewith the anxiety, is avoided. 
The phobic situation does not always represent a sexual 
temptation, but may represent an aggressive impulse, 
an early frustration or an unconsciously feared punish- 
ment. If the anxiety is a warning signal against temp- 
tation, why does it become so severe? Anxiety functions 
as a danger signal to avoid the development of a trau- 
matic situation when the organism is so flooded with 
emotion that the normal mechanisms for mastering ex- 
citation are inadequate. The function of anxiety fails 
in phobic anxiety. The ego, which gives the signal of 
danger, starts something which it cannot contest because 
the organism, through a series of previous repressions, 
has dammed up forces which are waiting the oppor- 
tunity for discharge. 

The temptation or punishment is displaced to the 
phobic situation as a ruse to escape greater dangers. 
In some cases an external object is substituted for 
another. In other cases there is an external projection 
of an inner danger, or a feeling of guilt is replaced by 
external fears. 

All patients with phobias show regression the gains 
of which are secondary. Certain paths of displacement 
are determined directly by the specific nature of the 
warded-off instincts. For instance, a fear of being 
devoured serves the purpose of a defense against oral 
demands, of being on the street, against exhibitionism, 
and the like. 

Agoraphobia wards off exhibitionism, scoptophilia and 
muscle pleasure in walking. There is a close connection 
between the sensory apparatus which registers anxiety 
and that which registers sensations of equilibrium and 
position in space. Conflicts emanating from the sexu- 
alization of infantile sensations of equilibrium give rise 
to equilibria! phobias. The sexualization occurs in some 
persons because sensation of equilibrium and of bodily 
movement in space has become the sole representation 
of infantile sexuality. In falling asleep and in anes- 
thesia there occur equilibria! and spatial sensations. 
The association between these sensations and sleep leads 
to a phobia of death, and a high percentage of death 
phobias are phobias of sensation of equilibrium and of 
space. Fears of falling asleep and of being narcotized 
are expressions of underlying fears of being over- 
whelmed by psychologicallj’^ painful sensations of dis- 
equilibrium in space. 


Claustrophobia demonstrates the basic role of the 
projection of internal sensations. The patient dreads 
his own emotional excitement and attempts to escape 
from it by leaving the space in which he finds himself 
when the excitement occurs. The patient fears that his 
ego control will break down if he becomes enormously 
excited. The development of the clinical picture of 
claustrophobia is facilitated by two physiologic circum- 
stances. First, the imposition of any hindrance to 
bodily movements, either real or fantasied, itself causes 
anxiety, through the damming of drives. Second, any 
state of anxiety is accompanied physiologically by a 
feeling of being closed in, so that an external closeness, 
or the idea of it, facilitates the mobilization of the entire 
anxiety syndrome. 

The first physiologic syndrome of fear is a feeling of 
constriction in the chest, accompanied by difficulty in 
breathing. It is in an attempt to protect himself against 
unpleasant sensations that the patient with agoraphobia 
feels the street, and not his own- body, as constricted or 
not constricted. 

In some patients the underlying mechanism is that of 
projection. The danger instinct is projected, for ex- 
ample, onto the street, and then the patient is able to 
avoid the anxiety by avoiding the street. In other pa- 
tients this does not happen, but the danger instinct con- 
stantly reemerges from repression and has to .be 
projected again and again. This depends on the eco- 
nomic equilibrium between instinct and anxiety which 
results from the personal experience. 

The person who requires stimulation or distraction to 
enable him to work well is really suffering from dis- 
turbances of concentration produced by an inner restless- 
ness, which is relieved in surroundings which provide 
external restlessness, just as certain people may enjoy 
thunderstorms because, the noise being outside rather 
than inside themselves, they do not need to feel afraid 
of their own inner confusion and anxiety. There are 
innumerable prejudices and anxieties associated with 
types of landscapes, changes of weather and season, 
light and darkness, times of the day, and the like, which 
are narcissistic projections of inner feelings, for con- 
sciousness of nature is less a process of becoming aware 
of its physical elements than one of becoming aware of 
feelings evoked by the contemplation of these elements, 
or of the inner ideas which these elements symbolize. 

The fear of overwhelming inner excitement is an im- 
portant source of anxiety in the phobias. The fear of 
castration and the fear of being abandoned in childhood 
are the root of the fear that the ego will be flooded 
with unmanageable quantities of excitement because the 
child is not able to satisfy its demands. When the ego 
has developed sufficiently to achieve adequate instinctual 
satisfaction and to master reality, instinctual tempta- 
tions should not be avoided as dangerous but should be 
anticipated as pleasurable. In the adult ego the idea 
that excitement is dangerous emerges only when satis- 
faction is frustrated by endogenous obstacles, i. e., by 
fear of castration or of loss .of love, originating in an 
animistic misinterpretation of the external world. 

Pearson, Philadelphia. 

Studies in Vitamin B Deficiency with Special 
Reference to Mental and Oral Manifestatons, 
A. Grey Clarke and F. Prescott, Brit. M. J. 2:503 
(Oct. 23) 1943. 

Clarke and Prescott report the results of a study of 
17 patients with deficiency of members of the vitamin B 
complex, which represented 2 per cent of all patients 
seen by them in an outpatient department. The nerv'ous 



320 


ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


disorders of all but 1 patient were classified as func- 
tional. The occurrence of oral lesions due to nicotinic 
acid deficiency associated with symptoms usually con- 
sidered as psychoneurotic was a constant finding. All 
but 2 patients responded to therapy with members of 
the vitamin B complex. Three patients had relapses 
after periods of from two to five months without treat- 
ment but responded to further treatment. The study 
revealed a parallelism between the manifestations of a 
deficiency of the vitamin B complex and those of psycho- 
neurosis. Echols, New Orleans. 

Progressive Cerebral Ischaemia. Trevor H. Howell, 
Brit. M. J. 2:746 (Dec. 11) 1943. 

Howell made a study of 27 senile patients, among 
whom were two groups whose mental deterioration 
seemed to be associated with cerebral ischemia. The 
first change noted was a vague or muddled state of 
mind in a patient previously lucid. This was followed 
by a stage of restlessness, often increasing to violence. 
As the restlessness wore off, the pulse became per- 
ceptibly weaker, and the patient drifted into a terminal 
coma. A progressive fall in blood pressure' was noted 
in all cases in which readings were taken. Howell be- 
lieves that the relation between a falling blood pressure 
and the appearance of cerebral symptoms in arterio- 
sclerotic subjects suggests that progressive cerebral 
ischemia is the basic pathologic condition. 

Echols, New Orleans. 

Nervous Breakdown in the Navy: Dojiestic Diffi- 
culties AS A Causal Factor. Geoffrey Tooth, 
Brit. M. J. 1:358 (March 11) 1944. 

Of the environmental factors which cause nervous 
breakdowns in the Navy, the two which are not directly 
connected with hazards of war are (1) the conditions 
and the type of service and (2) domestic difficulties. 
Tooth studied the effects of these factors on patients in 
two hospitals in different parts of the world. It was 
noted that 35.6 per cent of the men with nervous break- 
downs due to domestic difficulties were invalided, 
whereas 26.6 per cent had breakdowns leading to in- 
validism because of enemy action or conditions of ser- 
vice. It was furtlier observed that when there are 
multiple etiologic factors of which one is domestic 
trouble, the virulence of the reaction was twice as great 
as when domestic worries alone were responsible. 
.A.nalysis of the types of domestic difficulties revealed 
that the most frequent cause of breakdown was real or 
suspected infidelity of the wife or fiancee, with illness 
or death of a near relative a close second. The author 
emphasizes the need for thorough investigation of cases 
and suggests that a psychiatric social w,prker be 
appointed to Naval depots in an effort to reduce the 
incidence of nervous breakdowns leading to invaliding 
as a result of domestic worries. 

Echols, New Orleans. 

Anxiety; Alopecia Areata; Neurofibromatosis; 
.\uRicuLAR Fibrillation. Douglas Hubble and 
C. H. Rogerson, Brit. M. J. 1:486 (.A.pril 8) 1944. 

Hubble and Rogerson report an unusual case of a 
patient exhibiting three disorders of unknown cause and 
pathogenesis ; alopecia areata, neurofibromatosis and 
auricular fibrillation, each of which developed at the 
peak of a period of great frustration and anxiety. The 
patient, an intelligent, impulsive, resentful person. 


possessed exceptional drive and ambition, with an ob- 
sessional desire for success. The authors postulate that 
in this case the auricular fibrillatidn and the alopecia 
areata were related to the neurofibromatosis. Quinidine 
therapy resulted in resumption of normal cardiac rhythm. 
The case represents the varied factors (genetic, con- 
stitutional, psychologic, environmental and mechanistic) 
which must be taken into consideration when one is 
evaluating disease in man. 

The Relation of Dermatology to Psychiatry. F. F. 
Hellier, Brit. M. J. 1:583 (April 29) 1944. 

Hellier discusses the significance of the psychologic 
approach in the study of dermatologic conditions, for 
“embryologically speaking at least, psychiatry is an 
offspring of dermatology, and a fundamental association 
persists into adult life.” Of the two groups of cutaneous 
conditions (cutaneous diseases proper and cutaneous reac- 
tions) the latter is primarily concerned with the makeup' 
of the patient. Consequently, treatment should be based 
on the discovery of the immediate factor which caused 
the present attack and the adjustment of the patient’s 
attitude to life and his dermatologic condition. The 
latter may be difficult to accomplish, but it is most im- 
portant if permanent benefit is to be obtained. Among 
the cutaneous reaction diseases discussed are eczema, 
rosacea, alopecia areata, lichen planus and hyperhidrosis. 

Echols, New Orleans. 

C.ARDiAC Neurosis [Neurocirculatory Asthenia] as 
A Manifestation of Hypoglycemia. R. Greene, 
Lancet 2:307 (Sept. 2) 1944. 

Greene describes 5 cases in which the clinical symp- 
toms were interpreted as those of DaCosta’s syndrome 
(effort s^mdrome), or neurocirculatory asthenia. In all 
cases there were precordial pain, giddiness or faintness 
and perspiration on e.xertion of mild to moderate degree. 
In some cases headache, palpitation or tachycardia was 
present as well. In each case there was Iaborator 3 ’- evi- 
dence of hypoglycemia when the attacks were repro- 
duced. All attacks were aborted by administration of 
sugar. Each patient had a normal heart. 

Since neurocirculatory asthenia is brought on by fear, 
which, in turn, causes liberation of epinephrine, and 
since the early symptoms of hypoglycemia are those of 
epinephrine activity, it is not surprising that the two 
conditions may be confused. Indeed, they “are identical.” 
Since tlie symptoms of hypoglycemia maj' be relieved by 
adequate diet, “an effort should be made to evaluate 
the part played by abnormal carboh 3 'drate metabolism 
in producing the symptoms of each patient with Da- 
Costa’s syndrome or a similar cardiac neurosis.” 

McCarter, Boston. 

Meninges and Blood Vessels 

Glycosuria in Meningitis. Frank Ferguson and 
David Barr, Ann. Int. Med. 21:173 (Aug.) 1944. 

Ferguson and Barr report their observations on 72 
consecutive patients with meningitis. Spontaneous gly- 
cosuria occurred in 16 of the patients and in over one 
third of the 26 patients who had meningococcic menin- 
gitis. Glycosuria was encountered in cases of menin- 
gitis caused by the meningococcus, pneumococcus, 
staphylococcus and tubercle bacillus. In 1 patient the 
organism was not isolated. Ketosis, hyperglycemia and 
diminished dextrose tolerance frequently accompanied 
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the glj’-cosuria. The glycosuria was transient, and it 
persisted beyond the third day in only 3 of the 16 pa- 
tients. Coma with glycosuria and ketosis at the onset 
of meningitis may lead to a faulty diagnosis of diabetic 
ketosis. Delay in the establishment of a correct diag- 
nosis of meningitis and subsequent proper management 
ma}' have serious consequences. 

GUTTM.A.N, Philadelphia. 


LIenikgococcic Meningitis: Sulfadiazine Therapy. 
Emil H. Grieco and Arthur M. Cove, Ann. Int. 
Med. 21:194 (Aug.) 1944. 


Grieco and Cove report clinical and laboratory obser- 
vations on 20 consecutive patients with meningococcic 
meningitis. As soon as the diagnosis was established, 
an initial dose of 5 Gm. of sodium sulfadiazine was 
administered intravenously, even when the patient could 
take the drug orally. Subsequent doses of 2 Gm. were 
given regularly every four hours, either orally or in- 
travenously, as determined by the patient’s ability to 
receive medication. One gram of sodium sulfadiazine 
was administered every four hours until the temperature 
returned to normal, and from this point, four times a 
day daily for the next seven days. As long as the 
urinary output was 750 cc. or more during the first 
twenty-four hours fluids were not administered paren- 
terally. This method of sulfadiazine therapy afforded 
adequate concentrations of the drug in the blood, effected 
satisfactory clinical response and resulted in few com- 
plications, none of which left permanent residua. 

The Waterhouse-Friderichsen syndrome was encoun- 
tered in 2 patients, 1 of whom recovered after the 
parenteral administration of an aqueous extract of 

adrenal cortex. Guttjian, Philadelphia. 


Meningococcemia W ithout Meningitis : A Study 

Made at the Station Hospital, Fort George G. 

Meade, Maryland. Harold W. Potter, Roger D. 

Reid and Lewis H. Bronstein, Ann. Int. Med. 21: 
\ 200 (Aug.) 1944. 

Potter, Reid and Bronstein report clinical observations 
on 11 patients who had meningococcemia without evi- 
dence of meningitis. The outstanding and most useful 
sign was the cutaneous eruption. Only 1 of the 11 
patients failed to exhibit this sign. Joint and muscle 
pains, present in 6 of the 11 patients, formed another 
outstanding characteristic of the syndrome. Headaches 
were present in 10 of the 11 patients. 

The authors conclude that "the diagnosis can be 
strongly suspected before the report of the blood culture 
in a patient with the skin eruption and headache if the 
possibility of this disease is kept in mind. Sulfadiazine 
resulted in rapid cure without sequelae in all our cases.” 

Guttman, Philadelphia. 


Fulminating Meningococcic Infection (Water- 
house-Friderichsen Syndrome). P. A. Herbut 
and W. E. Manges, Arch. Path. 36:413 (Oct.) 1943. 

Herbut and Manges revie.w the history of the Water- 
house-Friderichsen syndrome and report 4 cases, which 
bring the total number to 125. ^Because of the rapid 


onset and the high fever, often associated with leukocy- 
tosis and a fulminating course with fatal termination, 
the syndrome has long been regarded as an overwhelm- 
ing septicemia. Although the meningococcus has been 
shown to be the causative agent in over 60 per cent, 
the authors believe that this figure is much too low. 
It is the consensus that adrenal apoplexy is responsible 
for the death of the patients. The authors, however, 
concur with Aegerter that there is no proof that death 
from the Waterhouse-Friderichsen syndrome is due to 
adrenal failure rather than to toxicity caused by inva- 
sion of the blood stream. In 3 of their cases there 
were bilateral and massive adrenal hemorrhages. In 
the fourth case only a single small, circumscribed hem- 
orrhage was noted in the right adrenal gland, while the 
medulla of both glands showed areas of hypoplasia. 
Sections of skin in 3 cases showed, respectively, con- 
gestion of the dermal capillaries; congestion, hemor- 
rhages and inflammation, and congestion, hemorrhages, 
inflammation and thrombosis. In 3 cases with pre- 
dominantly septicemic symptoms there were dissociation 
of the hepatic cords, cloudy swelling of liver cells, 
sinusoidal congestion, perisinusoidal edema and diffuse 
infiltration with polymorphonuclear leukocytes. Menin- 
.gococci were isolated post mortem in pure culture from 
the spinal fluid and the blood from the heart in 1 case 
and ante mortem from the spinal fluid and material 
from the nasopharynx in 1 case. Cultures of the blood 
taken post mortem in the remaining 2 cases yielded 
respectively a member of the Friedlander group and 
Staphylococcus aureus. Sections of the skin in each 
of these cases and of the adrenal gland in the former 
cases disclosed within the capillaries gram-negative, 
bean-shaped diplococci, morphologically similar to men- 
ingococci. It is probable, therefore, that in most, if not 
all, of the cases of the Waterhouse-Friderichsen syn- 
drome in which other organisms have been isolated the 
disease was caused by meningococci. 

J. A. M. A. 


Meningitis Due to Pittman and Non-Pittman 
Strains of H. Influenzae. J. Gordon, H. E. de 
C. Woodcock and K. Zinnemann, Brit. M. J. 1:779 
(June 10) 1944. 


Gordon, Woodcock and Zinnemaim report 2 cases of 
meningitis due to the non-Pittman type of Haemophilus 
influenzae in which treatment with sulfapyridine was 
successful. The strains of H. influenzae isolated in these 
cases did not differ from the strains regularly isolated 
in cases of bronchiectasis. Because so few cases of 
meningitis due to H. influenzae typed serologically have 
been reported, the authors describe 3 cases in which the 
strains isolated were of Pittman type B ; in 2 of 
these 3 cases in which the course was fulminant and 
fatal, little or no treatment was given. In the third case 
response to sulfapyridine treatment was good, but more 
of the drug was required than in the 2 cases of menin- 
gitis produced by the non-Pittman type. Because so 
little is known of the relative response of non-type-specific 
and type-specific strains of H. influenzae to the sulfon- 
amide compounds, the authors believe that in cases of 
meningitis of this origin, the organism should be typed, 
in an effort to determine any possible differences in 


prognosis. 


Echols, New Orleans. 


Society Transactions 


BOSTON SOCIETY OF PSYCHIATRY 
AND NEUROLOGY 

Paul I. Yakovlev, M.D., Presiding 
Regular Meeting, March 16, 1944 

Psychiatric Problems in Conservative Treatment 
of Ulcerative Colitis. Dr. Erich Lindemann. 

For 45 patients with ulcerative colitis, verified by 
proctoscopic examination, the psychosocial history, the 
personality makeup and the response to therapeutic inter- 
views were studied. The history showed various forms 
of bereavement as the most important precipitating 
factor. For 26 of the 45 patients a close time relation 
existed between the loss of an important person and the 
onset of the illness. Ten other patients had ceased to 
interact with an important person because of disillusion- 
ment or rejection. A surgical procedure preceded the 
onset of the illness of 4 patients. Three patients had 
shown notable behavior abnormalities, and the onset of 
the illness was preceded by signs of a beginning psy- 
chosis, which, however, did not develop further after 
the colitis started. The personality of the patient was 
marked by poverty of human relationships, an inability 
to make and hold friends of their own age, and by a 
need for considerable activity throughout the day but 
lack of resourcefulness in finding avenues for such 
activity. Rewarding patterns of social interaction 
seemed not to be indigenous to these patients. ‘This 
state of affairs became conspicuous only when a key 
person on whom the patient was dependent and from 
whom he had borrowed patterns of interaction was re- 
moved from the "social field.” This dependency, which 
seems to be a special form of social integration, became 
a threat to the patient after bereavement because he was 
then confronted with a poverty of successful patterns 
of conduct and with a tendency to primitive behavior 
patterns, colored by fantasies of extreme violence and 
social behavior marked by aggressiveness and over- 
critical, demanding and “spoiled-child” attitudes. This 
trait was often shown in the request for consultation 
from the medical service. 

Such inclination to primitivation of behavior (regres- 
sive tendencies?) often becomes manifest only after the 
psychiatrist has established growing intimacy with the 
patient in interviews. Early attempts at exploration 
with the usual psychiatric technic of reconstructing the 
life history were invariably followed by a primitivation 
of the patient’s fantasies and behavior. The patient 
would leave treatment, not to return until vigorously 
urged by the internist, or would develop overwhelming 
anxiety from fear of being overcome by primitive im- 
pulses or w'ould report actually having experienced 
psychotic manifestations, such as auditory hallucinations, 
a sense of alien influence or somatic delusions. Other 
patients became conspicuous in the ward through dilapi- 
dated behavior, such as impulsive outbursts or defecat- 
ing on the floor, and needed special nursing care. The 
behavior, stream of talk and communicativeness in ex- 
plorative interviews rapidly changed to uncommunica- 
tiveness, retardation and often blocking. Objective time 
records of the verbal and gestural activity during in- 
terviews (interaction chronogram) demonstrated a re- 


markable reduction in the capacity for interaction during 
progressive interviews. 

It became evident that tlie patients -were as vulnerable 
to the establishment .of new contacts as they w'ere to 
the loss of social interaction. 

The reactions shown by the patient were strikingly 
similar to behavior patterns associated with acute grief, 
which W'ere studied after the Cocoanut Grove disaster. 

The technic of psychologic management must avoid 
the traditional methods of psychoanalytic inquiry. The 
contact must be brief, not permitting the development 
of regr'essive 'tendencies, hostile feelings or affectionate 
attachment. The relationship must, rather, be an identi- 
fying one, in which the patient copies behavior patterns 
of the psychiatrist and makes use of them in the same 
manner as he previously did with the patterns of the 
person whom he has lost. If this difficult problem is 
solved, the patient usually goes through a period of 
imitating the psychiatrist in his relations with other 
patients in the ward, and of idealizing the psychiatrist, 
attributing to him an inordinate status in the hospital 
and testing out his availability and willingness to serve 
the'patient as a source of new patterns of conduct. After 
such a relationship is established, it is often possible 
to review the bereavement with the proper emotions 
of depression and sorrow'. The patient may go through 
a. period of “nervousness” and worry, w'hich might, 
superficially, appear detrimental to visceral functions 
but which is a prerequisite for readjustment. 

While tlie personality, the precipitating crisis and the 
habitual reaction patterns of the patients seemed uni- 
form, ulcerative colitis did not develop in the large 
majority unless another, somatic, factor brought about 
a special predisposition in the colon. Gastrointestinal 
disturbances in the family, acute gastrointestinal infec- 
tions, measles with gastrointestinal involvement and 
surgical procedures seemed to be nosogenic. Psj'- 
chologic determination in terms of traumatic experiences 
in childhood was rare; in only 2 patients did I find a 
confirmed history of severe difficulties in bow'el training. 
In no patient did mucous colitis precede the ulcerative 
colitis. 

DISCUSSION 

Dr. Stanley Cobb: I should like to emphasize first 
the fact tliat the psychiatrist is working w'ith the phy- 
sician, and working on equal terms. It used to be a 
matter of handing the patient over completely, not w'ork- 
ing on an equal footing. Patients used to be handed 
back and forth, again and again. Here, at last, the 
internist and the psychiatrist have worked out a method 
of W’orking together. 

Second, Dr. Lindemann has introduced something new' 
in psychiatric therapy. It has been taught for years 
that the method of chief reliance w'as exploration 
through interview's. This exploration w'as efficacious in 
many cases. In cases of ulcerative colitis it is harmful. 

Last, Dr. Lindemann is to be congratulated on work- 
ing with an anthropologist. With Dr. Chappie’s inven- 
tion. of actually measuring certain interpersonal reactions, 
one does not have to rely on impressions after an inter- 
view. All this leads in the right direction. Psychiatric 
interview's can eventually be made something w'orthy 
of the name of science. 
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Dr. Chester M. Jones : The significant feature of 
Dr. Lindemann’s presentation is the clear demonstration 
of the importance played by emotional disturbances in 
a chronic organic disease involving the digestive tract, 
such as chronic ulcerative colitis. In this disease, psy- 
chiatric considerations comprise only one of several, sig- 
nificant factors; but because the underlying cause of 
the disease is still not known, it is of extreme impor- 
tance that each of the various factors be controlled as 
completely as possible. 

There can be no doubt that adequate psychiatric 
measures are helpful in controlling the activity of 
ulcerative colitis in numerous instances. At times psy- 
chotherapy may constitute a real hazard to the patient’s 
health because of resulting emotional disturbances, 
transient though they may be. For this reason it is 
important that the psychiatrist and the internist col- 
laborate closely, shifting responsibility as the need arises, 
so that the patient as a whole may be adequately ob- 
served and controlled as nearly as possible. 

The importance of overstimulation of the autonomic 
nervous system secondary to emotional disturbances can- 
not be overemphasized and probably represents a funda- 
mentak conception of gastrointestinal physiology which 
involves not only this disease but many other conditions, 
such as ulcer and diverticulitis. Symptoms referable to 
the digestive tract probably represent nothing more or 
less than an exaggeration of the normal physiologic 
processes involving motility, local or general blood 
supply, tonus and secretion. All these factors may be 
conditioned by disturbances involving the autonomic 
nervous system. These changes have been clearly 
demonstrated by Wolff in his work on the stomach and 
by White and Jones in their observations on the sigmoid 
portion of the colon. 

Dr. H. Hale Powers, Wellesley, Mass.: While Dr. 
Lindemann was speaking, I was reminded of a case 
that occurred in my experience almost thirty years ago. 
The young woman had previously been treated for ulcers 
of the colon in one or two hospitals ; then she recovered 
under treatment with bromides and only a little psycho- 
tlierapy. I do not know how long she remained well. 

I have been wondering how patients with ulcerative 
colitis differ in personality from patients with gastric 
ulcer. Patients with gastric-- ulcer whom I have known 
have been as socially inclined as the average. As Dr. 
Lindemann has said, it is perhaps well for physicians 
to react, to a limited extent, against psychoanalysis. 
The goal is to keep patients as normal as possible, and. 
the normal person has a certain content in his mind 
that he does not disclose to any one. Psychologic ex- 
ploration should not be carried out unnecessarily, any 
more than surgical exploration. Surgical exploration 
can produce adhesions. One knows many patients who 
are adherent to certain psychiatrists. In those patients 
psychologic adhesions have been produced. 

Dr. Frank C. D’Elseaux; Dr. Lindemann and Dr. 
Jones have demonstrated that an internist and a psy- 
chiatrist can, and in cases of ulcerative colitis must, 
work in close association with each other. Dr. Jones 
has pointed out that in manj’- cases the disease starts 
with an intestinal infection which may be common to a 
number of people, in only 1 of whom ulcerative colitis 
will develop, and that the large bowel shows circulatory 
changes under emotional strain. I wonder whether it 
may be said that the patient who subsequently has 
ulcerative colitis uses his bowel in a different way 
psychophysiologically throughout life and that his bowel 
is, therefore, more vulnerable to infection, and subse- 
quently to ulceration. 


Dr. Lindemann stressed the important function of 
“role psychiatry,” While such a method has been used 
by many psychiatrists, it is doubtful that any have used 
it so wholeheartedly as has Dr. Lindemann, with such 
careful attention to detail or with such full realization 
that unless it is carried out in such a manner it may 
do more harm than good, harm which may be fatal to 
the patient with ulcerative colitis. 

I wish that Dr. Lindemann, who obviously has much 
greater knowledge of the psychologic mechanisms in- 
volved than he indicated in his paper, had not limited 
himself to pointing out a mere temporal relation between 
occurrence of a qualitatively specific incident and the 
appearance of a symptom in a patient with certain per- 
sonality attributes. I wish he had given more dynamic 
insight into why this type of personality develops, why 
the patient has come to have this special dependence 
and restriction of objects on which he is dependent, and 
why when there are so many leave-takings, he reacts 
more strongly than others to separation. One wonders 
what is the special meaning of a separation to such a 
person. One also wonders why the bowel is the origin 
of election and why ulcerative, instead of mucous, colitis 
develops. 

Finally, I should like to ask Dr. Lindemann how he 
feels about the use of a more deeply investigative type 
of therapy during a period of remission, or whether 
this must be modified even then. 

Dr. J. Martin Woodall; Many of the patients with 
colitis seem to do extremely well symptomatically with 
a nonexploratory type of therapy. I can speak par- 
ticularly of patients with mucous colitis, with whom I 
have had an extensive experience. Psychiatrists who 
deal with the psychoneuroses in an organized hospital 
setting, where an opportunity is afforded for detailed 
observation, have frequently noted the extraordinary in- 
• fluence on the patient’s symptoms of his reaction to other 
persons — to the physician, to a nurse or to another 
patient. This is particularly noticeable with symptoms 
of a psychosomatic nature. Such an interpersonal rela- 
tionship can be a potent factor in the control of S 3 ’^mp- 
toms seriously interfering with normal physiologic 
processes. The delineation of the components of such 
a relationship gives invaluable information as to the 
dynamic basis of the patient’s illness and furnishes im- 
portant clues to the methods to be employed in appro- 
priate general management. If subsequent exploratorj' 
therapy- is indicated, this interpersonal reaction becomes 
the foundation for its organization. Dr. Lindemann is 
to be congratulated on so lucid and comprehensive a 
presentation of an extremely informative paper. 

Dr. G. Colket Caner : I should * like to ask Dr. 
Lindemann whether any particular type of emotion 
brought on exacerbations of this condition. 

Dr. Paul I. Yakovlev; I wish to ask Dr. Lindemann 
to what extent these emotional situations to which the 
patient is responsive are of his own making. Are the 
situations a projection of the personality of the patient, 
or are the}- a part of his own background? 

Dr. Erich Lindejiann: I wish to thank the dis- 
cussers, especially Dr. Jones, who has been helpful in 
giving a proper balance to the discussion. What I said 
would have been one sided if he had not emphasized the 
internist’s point of view. In this work I found it ex- 
tremely interesting to treat a condition in which a severe 
structural disorder had to be approached by psychiatric 
methods. New skills had to be developed. These 
methods are related to rvhat Mniitehorn used to call 
supportive therapy of the psychoses. They are similar 
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to methods used with children, especially young children, 
and allow a limited expression of primitive behavior. 
These ideas are not as new as they seem. 

Tn answer to Dr. Powers and Dr. D’Elseaux, I must 
have given the false impression that I was proposing 
to give up exploration altogether. This is not true. 
Exploration is impossible only for the emergency state 
of ulcerative colitis ; similarly, I should not recommend 
it for schizophrenia. Certainly, after the emergency 
period which I stressed is over, the patient enters 
another phase of the illness, in which one learns a 
good deal by exploration about the patient’s former de- 
velopment and about his present defective, social rela- 
tionships. In the latter the patient will recapitulate his 
childhood habits of behavior. One of the most fascinat- 
ing problems which arise is this : In what way has it 
come about that such a person has not learned to acquire 
more lasting relationships? Why has he not acquired 
lasting patterns of effective behavior? Why can some 
of them behave effectively only when a certain key 
person is present? Sometimes the answer is to be 
found in the patient’s early background. For instance, 
a boy whose father’s patterns of behavior are objection- 
able to him may copy his mother as a model and become 
a “sissy.” His subsequent social isolation comes from 
wrong steps in the early acquisition of patterns of social 
interaction. Evaluation of the early influences in the 
patient’s life is important, but one must not mobilize 
dangerously powerful emotions connected with some 
early experience. A good deal of information may be 
gained, however, not from exploration but from obser- 
vation of the patient’s interaction with other patients. 
For instance, the young girl whose case I discussed had 
a delayed grief reaction to the death of her mother 
following an abortion, which occurred when she was 
3 years old; this reaction was acted out in the ward 
but was not recalled as a memory. Two weeks after 
I started psychiatric work with her, she had a panic 
attack in the middle of the night. The house officer 
was called. The patient showed him a bit of stool which 
she believed to be an embryo. Identifying herself with 
her mother, she wondered whether she w'as aborting 
and w'hether she must die too. The next week she 
refused to eat, being afraid of finding drugs in her food 
such as her mother used to induce an abortion. A week 
later she was in a severe depression, with feelings of 
self depreciation. She w^as blaming herself for seeming 
to try to separate her father and stepmother. In all this, 
exploration in verbal terms w'as replaced with observa- 
tion. The situation is much like that encountered in 
child psychiatry ; I use observation of behavior, much as 
is done in the play technic. 

Dr. Woodall, I agree that patients wdth psycho- 
somatic disturbances as a group are so dangerouslj’- ill 
that supportive treatment is important. With respect to 
the organ of choice, patients wdth ulcerative colitis and 
patients wdth peptic ulcer present quite different prob- 
lems. There is much similarity between patients with 
rheumatoid arthritis" and patients wdth ulcerative colitis. 
Ten per cent of patients wdth ulcerative colitis have 
rheumatoid arthritis. 

In reply to Dr. Caner’s question, I am cautious in 
using the term emotion because it is so vague. The 
essential emotion in cases of ulcerative colitis is sorrow'. 
l^Iy work with patients w'ith this disease w'as what 
started me working on grief reactions, and I have found 
that these patients present an abundantly interesting 
area for psychiatric study and treatment. 


Harry C. Solomon, M.D., Presiding 
Regular Meeting, April 20, 1944 

The April meeting of the society was held at the 
Boston Psychopathic Hospital for the presentation of 
clinical material by the members of the hospital staff. 
The latter review'ed briefly some of the problems which 
are of interest to the members of the staff or w'hich 
might intrigue the members of the society or which 
offered some novelty. 

The program consisted of rapid presentations of the 
effect of frontal lobotomy and a modification of the 
surgical technic of this procedure ; -a preliminary review 
of the effect of penicillin on neurosyphilis; a considera- 
tion of the possible damage to the mentality of patients 
who have received electric convulsion therapy, and the 
use of sodium amytal in the exploration of the psychic 
content of an apprehensive or inhibited patient. 

Frontal Lobotomy. Dr. James L. Poppen. 

The experience wdiich my associates and I have had 
wdth frontal lobotomy has been so recent that as yet 
we are not justified in expressing a dogmatic opinion as 
to the proper method of carrying out the leukotomy. 
It is through the efforts of Dr. H. C. Solomon that 
Dr. Horrax and I have been urged to attempt relief of 
the dreadful anxiety which some of the patients suffer. 

Several methods have been advocated for carrying out 
an adequate leukotomy. Watts and Freeman deserve 
considerable credit for corroborating the w'ork of Egas 
Moniz and for popularizing the procedure. Since the 
technic of Lyerly seems to be a more adequate surgical 
approach, I have adopted his plan, w'ith a few minor 
modifications. Tw'o trephine openings are made 2.5 cm. 
in diameter. A button of bone is removed from each 
side of the skull 3.5 cm. from the midline just anterior 
to the coronal suture line. A small dural flap is made. 
A ventricular needle is then inserted into the most 
anterior portion of the lateral ventricle. As it enters 
the ventricle, it is w'ithdrawn, directed just in front of 
the anterior pole 'of the lateral ventricle and inserted 
until tl:e ridge of the sphenoid w'ing is felt. The needle 
is then withdraw'n, and the tract acts as an excellent 
guide to the direction and j)lane of the incision in the 
w'hite matter that is to be made by the electrosurgical 
suction unit. A lighted retractor gives excellent ex- 
posure and visualization, allowing the surgeon to per- 
form a complete leukotomy and, at the same time, to 
save all the larger branches of the cortical vessels as 
they are encountered medially, interiorly and laterally. 
The anterior cerebral artery can be well visualized and 
therefore protected from injury. The falx can be seen 
through the arachnoid, with the larger cortical vessels 
left intact.' It is important that the white substance just 
anterior to and beneath the lateral ventricle be completely 
divided dow'n to the ridge of the sphenoid w'ing. In our 
first case the symptoms recurred a few' days after opera- 
tion. The incisions were reopened, and it was noted 
that the white matter between the anterior horn of the 
lateral ventricle and the ridge of the sphenoid w'ing had 
been incompletely sectioned. Notable improvement in 
the patient’s condition occurred after the dissection had 
been completed. 

No changes in the state of consciousness have been 
noted in the patients operated on after they aroused 
from the anesthesia." 

The operation, though seemingly minor, should not be 
undertaken lightly. All the more consfervative measures 
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should be given adequate trial for a sufficient period. 
Unfortunately, in this particular operation the neuro- 
surgeon is, and should be, merely a technician. The 
decision as to the suitabilit 3 ^ of the patient for operation 
falls directly on the shouliders of the well trained psj’’- 
chiatrist. The operation is safe only in the hands of 
a competent neurosurgeon. 


CHICAGO NEUROLOGICAL SOCIETY 

R. P. Mackay, M.D., President, in the Chau- 
Regular Meeting, April 11, 1944 

The Future of Neurology: Presidential Address. 
Dr. R. P. Mackay. 

Erotomania (Lymphomania) as an Expression of 
Cortical Epileptiform Discharge. Dr. T. C. 
Erickson, Madison, Wis. 

This paper was published in full in the March 1945 
issue of the Archives, page 226. 

Effects of Lesions of the Periaqueductal Gray 
Matter in Cats and Monkeys. Dr. Percival 
Bailey and Dr. E. W. Davis. 

Patients with lesions around the midbrain sometimes 
pass into a strange state, which has been called “akinetic 
mutism.” It was thbught possible that the periaque- 
ductal gray matter, a very old and fundamental forma- 
tion in the brain stem, might be related to this condition. 
After some experimentation, a method was developed 
of destroying this nerve tissue without injury to other 
parts of the brain. The effect on cats was to reduce 
their activity almost to zero when the lesion was exten- 
sive. An aggressive, dangerous male monkey would 
sit apathetically in a corner of the cage. If he was 
given food, he would eat but would not bother to move 
for it if it was out of his reach. If he was irritated 
roughljq he would bare his teeth but make no attempt 
to attack. In general, the behavior of all these animals 
was characterized by this lack of “drive.” Serial sec- 
tions through the brain proved that the injury had been 


confined to the periaqueductal gray matter in almost 
all cases. Extension of the lesion into the periven- 
tricular gray matter of the diencephalon added a cata- 
leptic component to the syndrome. The animals were 
not unaware of their surroundings but reacted much 
less actively and less continuously to their environment 
and lapsed quickly into indifference. (The behavior of 
the cats was illustrated by motion pictures, and photo- 
graphs of the lesions were demonstrated.) 

It is tempting to correlate these observations with 
dynamic psychology. These basal formations are ob- 
viously closely related to the instinctive drives and are 
regulated and controlled by the vast superstructure of 
the cerebral hemispheres. In man, however, one must 
remember the steady corticalization of many functions 
subserved in lower vertebrates, even in lower mammals, 
bj' subcortical mechanisms. 

DISCUSSION 

Dr. R. P. Mackay : One is reminded of Dr. H. 
Douglas Singer’s theory that lesions of the diencephalon 
underlie schizophrenia. The behavior of certain of these 
akinetic animals does suggest catatonic stupor. Perhaps 
this interesting work may lead to something important 
in the field of this disease. 

Dr. V icroR E. Gonda ; May I ask for a somewhat 
more detailed description of the technic with which the 
authors could so exactly induce such a well circum- 
scribed lesion with electric current? 

Dr. Percival Bailey : The lesion was made with 
an electrical apparatus which delivers a constant am- 
perage. The behavior we have described was first 
observed by Magendie, He produced it in unanesthe- 
tized rabbits by destruction of the heads of both caudate 
nuclei. Mettler obtained it Avith removal of the frontal 
lobes. I have seen Mettler’s moving pictures of his 
animals. The ability to progress in our animals is 
better than in his ; his animals showed leaping rather 
than progression. Dr. Davis and I tried to reproduce 
this behavior by removal of the frontal lobes, but were 
never able to get results as good as Dr. Mettler’s. Just 
what the mechanism is that releases such behavior I 
do not know. 
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Foster Home Care for Mental Patients. By Hester 
B. Crutcher, Director of Social Work, State of New 
York Department of Mental Hygiene. Price, $2. 
Pp. 199. New York: The Commonwealth Fund, 
1944. 

This book deals with foster home care for mentally 
ill patients. The author discusses the meaning and 
values of family care, including administration and the 
results achieved, the selection of patients, the selection 
of homes and the supervision of the patients, giving case 
histories to illustrate her observation. Miss Crutcher 
describes two methods of organizing family care: the 
colony and the district system. Family care of the 
mentally ill has existed for some time, both in this 
country and in some other countries, but it has not been 
an adequately developed or adequately staffed com- 
munity procedure in the United States. 

For a long time state hospitals in this country have 
needed relief from overcrowding. Family care is a good 
means of meeting this problem. Even with wartime 
difficulties there are in the state of New York at present 
as many patients under fqmily care as would almost fill 
a state hospital. In this state only patients who are 
unable to work for their own maintenance or to look 
after themselves if given a relief check are classified 
as family care patients. The program began in 1933, 
with the placement of mentally defective patients. It 
was first financed by colony funds, which had accumu- 
lated over a period of years. 

Thirty-two women patients, who had been in one in- 
stitution many years, .were placed in homes which were 
considered ideal for care of patients of this type. The 
women adjusted so well that the number was increased 
as rapidly as funds for such care were available. So 
successful was this placement of mentally defective pa- 
tients that in 1935 legislative authorization was provided 
for the family care of the mentally ill. Each institution 
was allowed to use maintenance funds for the placement 
of patients under family care with the understanding 
that a deficit up to $10,000 in this sum would be allowed 
b 3 '^ state budgetary authorities. This placement plan 
of the mentally ill has been developing slowly and care- 
fully. In general the institutions developing the pro- 
gram have placed patients in homes within a 30 mile 
(48.3 kilometer) radius of the institution. However, 
both Letchworth Village and Middletown State Hos- 
pital have placed patients in a rural area about 75 miles 
(120.6 kilometers) from both institutions. This area of 
the state was regarded as ideal for the extensive de- 
velopment of a family care program, especially for the 
patient requiring continuous treatment. After three 
years there were over 600 such patients living with 
families in various parts of the state. It was felt that 
a good foundation had been laid for the relatively rapid 
development of the program, when its financial support 
was withdrawn. Fortunately, permanent restoration of 
funds for continuing this work was made on July 1, 
1940, so that, again, patients can enjoj’' the advantages 
of community life. The New York State Department 
of Mental Hj’giene has been responsible for the alloca- 
tion of funds and for the general direction of the 
program. 


The rate paid by the state was originally $4 a weeh, 
but this has since been raised, and the present weekly 
rate ranges from $6 .to $8, wdth an allowance of 25 cents 
a week to the patient for spending money. Qothing 
is furnished by the institution responsible for the patient 
if no relatives or friends can be found to furnish this. 
Patients who have funds of their own or whose relatives 
are willing and able to pay more than the state rate are ' 
placed in family care accommodations in keeping with 
the amount paid for the patient’s care. Usually, 1 to 
6 patients are placed in a home. However, in certain 
instances, spacious homes have been found which accom- 
modate 10 to 15 mentally defective patients. 

Seventeen of the twenty civil state hospitals and three 
of the five state schools have family care programs. At 
the beginning of the present war approximately 1,900 
patients Were under family care, but, owing to shortage 
of personnel and changes in family life, this number 
has gradually decreased. As of Jan. 1, 1944 approxi- 
mately 1,800 patients were in family care, the ratio of 
patients receiving family care to patients in state hos- 
pitals being 1.5 per hundred, and the ratio of mentally 
defective patients receiving family care to those in state 
schools, 3.1 per hundred. The large state hospitals in 
New York city have not been able to develop family 
care to any great extent. One or two elderly patients 
are thus placed in some homes. When these patients 
have shown they can adjust and manage their financial 
affairs, they are transferred onto convalescent status 
with old age assistance. Patients suitable for family 
care are selected and transferred to hospitals in the 
upstate district where homes are available. In spite of 
the present shortage of medical and social service staff 
and the curtailment of transportation facilities, the ser- 
vice is now firmly established as a supplement to insti- 
tutional care. 

The book is recommended as describing and evaluat- 
ing an important adjunct facility for the care and re- 
habilitation of the mentally ill. 

Freud’s Contribution to Psychiatry. By A. A. Brill, 

Ph.B., M.D. Price, $2.75. Pp. 245. New York: 

W. W. Norton & Company, Inc., 1944. 

Brill was the Salmon lecturer in 1943. He chose to 
discuss Freud’s contribution to psychiatry, and these 
lecturers are now available in book form. Brill is the 
translator of many of Freud’s books and his close and 
faithful friend for many y'ears. 

Much of the volume is concerned with the history of 
the development of the psychoanalytic movement. The 
first three chapters concern Dr. Brill’s introduction to 
psychoanalj'sis, from the descriptive psychiatry then in 
vogue in New York to the interpretive psychiatry in 
Europe. Brill’s quest for knowledge concerning hyp- 
notism led him to Paris, just as Freud had been led 
earlier. He then studied at Burgholzli, where, together 
with his chief, Bleuler, and Jung, Riklin, Abraham and 
Hans Meier, Freud’s association technic was first used. 
A resume of Freud’s professional life follows this in- 
troduction. The whole development of psychoanalysis 
is unfolded, beginning with Freud’s fascination by hj'p- 
notism, his studies of hysteria and his first attempt to 
describe a case psychoanalytically, namely, the famous 
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Dora case. By 1908 Freud’s basic works had been 
written, and of these “The Interpretation of Dreams” 
was the most significant. 

The remainder of the book is devoted to presentations 
of the most notable theories, ending with Freud’s final 
preoccupation with man and race and the postulate that 
all disturbances in these spheres have their origin in the 
Oedipus complex. Brill stresses particularly Freud’s 
belief that the psychoses differ from the neuroses in 
degree rather than in kind and that psychoneurotic ill- 
ness never occurs in a person with a normal sexual life. 
!Most of the concepts are illustraied by Brill by his own 
cases, which he interprets in a strictly freudian manner. 

This book of 234 closely printed pages affords pleasant 
and informative reading. There are glimpses of the 
author’s quiet humor, which add charm and at the same 
time make one sense his humility. The book constitutes 
an excellent summary of Freud’s own vast psycho- 
analytic contribution, seen through the eyes of his 
•\merican pioneer. Time alone will show the inherent 
value in all his theories. Psychoanalysis is slowly 
changing and growing, and a clear knowledge of its 
origins is essential to all who wish to interpret these 
changes, as well as to students of the problems of 
people and their relationships. The volume is highly 
recommended. 

Insulin Shock Therapy Study. By the Temporary 

Commission on State Hospital Problems. Pp. 97. 

New York, 1944. 

This study of the effectiveness of insulin shock in 
the treatment of schizophrenic patients is the report of 
the Temporary Commission on State Hospital Problems, 
appointed by Gov. Thomas E. Dewey of New York. 
The study is based on the results of insulin therapy of 
1,128 patients at the Brookljm State Hospital between 
January 1937 and June 1942, and the data for a control 
group of 876 patients admitted to five other state hos- 
pitals during the same period who did not receive any 
form of shock therapy but whose treatment was pre- 
sumably comparable in other respects. The most 
dramatic finding emerging from this study is that in- 
sulin treatment effected a saving of 286,695 days of 
hospital care and a saving of $80,274.60 in cost of food 
and clothing to the state. Accepting the validity of 
the non-insulin-treated patients as a control group, the 
commission concludes that the insulin treatment itself 
was the significant differential factor in reducing the 
period of hospitalization. The natural recommenda- 
tion is made that the use of insulin shock treatment be 
made available for all schizophrenic patients until some 
more effective therapy is demonstrated. 

That a statistically significant difference in length of 
stay in the hospital was found between the insulin- 
treated patients and patients not so treated is incontro- 
vertible. However, from the data included in this report, 
the proposition that the insulin itself is the significant 
therapeutic factor would seem to be warranted onlj'- as 
a working hypothesis, rather than as a demonstrated 
fact. The main criteria used for evaluating effectiveness 
of treatment are length of hospitalization and level and 
stability of adjustment after discharge. While length 
of hospitalization is a focus of practical interest to state 
finance and the taxpayer, and while a legitimate reduc- 
tion in the period of hospitalization is an economic de- 
sideratum in itself, it is not a definitive criterion for 
evaluating the precision of the insulin technic in effecting 
basic qualitative changes in the personality organization 
of schizophrenic patients and in the underlying patterns 
of emotional reaction from which the psychotic symp- 


toms are derived. In actual practice, state hospitaliza- 
tion is resorted to for the schizophrenic patient when 
the family or the community can no longer tolerate his 
disturbed behavior and is terminated when the behavior 
has again come within the limits of tolerability. While 
an attempt is made in this study to evaluate qualitative 
differences in the effective level of posthospital adjust- 
ment, and differences favoring the insulin-treated group 
are found, they are small. For instance, in terms of 
gainful employment, a difference of only 10 per cent is 
noted between the insulin-treated patients and the pa- 
tients not so treated. Actually, too, only 14 per cent 
more insulin-treated patients than non-insulin-treated 
patients were at home at the time this study was con- 
cluded, although 21 per cent more had been discharged. 
The figures for readmission are also of interest, 42 per 
cent of the insulin-treated patients having one or more 
readmissions to the hospital as compared with 31 per 
cent of the non-insulin-treated patients. 

What the data in this study demonstrate is a positive 
relation between insulin shock treatment and a shortened 
stay in the hospital. In terms of hospital economy, it 
would be of interest to know what percentage of the 
total expenditure for the care of schizophrenic patients 
is represented by the saving of $80,274.60, given in this 
report only as an absolute figure. With the goal of 
increased economy in mind, some questions with regard 
to the control group not answered by the data in this 
report come to mind. For instance, how frequently was 
the possibility for discharge for patients in this group 
reviewed? May not days of hospitalization beyond the 
patiehts’ actual needs have accumulated out of adminis- 
trative cautiousness? That is, was each discharge in 
the control group actually made at, the earliest possible 
date? It would also be of interest to have comparisons 
of the- insulin group with a control group who received 
a comparable investment of trained psychotherapeutic 
attention. 

The reviewer commends the method of approach em- 
ployed in this study, particularly the inclusion of a 
control group. This in itself raises the study to a 
scientific level well above many statistical evaluations 
of insulin shock treatment. In the main this report is 
both thoughtful and thought-provoking and represents- 
a valuable contribution to the literature of insulin shock 
therapy. 

Pain. Research Publications, Association for Research 
in Nervous and Mental Disease. Vol. xxiii. Price, 
$7.50. Pp. 468, with 116 illustrations. Baltimore: 
Williams & Wilkins Company, 1943. 

John Hilton, from his vast clinical experience, wrote 
about pain in 1876, and nearly seventy years later Sit 
Thomas Lewis from his vast clinical experience, wrote 
about pain. There is probably as much new information 
about pain in the volume under discussion which has 
accumulated in the year since the publication of Lewis’ 
book as there was in all the years preceding. 

Pain is a subjective phenomenon, and consequently 
does not lend itself well to animal experimentation. 
Hence, in the great majority of the papers collected in 
this volume man has been the subject of the experiments. 
One must pay tribute to the “pains-taking” attitude of 
both experimenters and subjects, since many of the 
experiments were obviously disagreeable and could have 
been carried out only for the purposes of extending the 
boundaries of knowledge. 

New methods are ingeniously applied by means of 
which a sharp end point is attained, useful for the quan- 
titative study of thresholds of pain. The differentiation 
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between the “bright” pain, carried by the large, rapidly 
conducting A fibers, and the “dull” pain, carried by the 
C fibers, is stated in fuller detail, and with precision, 
on the basis of superbly controlled experiments. The 
threshold of pain and the severity of the reaction to 
pain are differentiated, the former being relatively con- 
stant while the latter is much more variable. Sensations 
as they relate to pain, such as cold, heat, itching and 
pressure, are brought into the picture. Few of the 
authors would admit that the last word has been said. 
But methods have been devised to bring further infor- 
mation on pain to the man who deals in pain, the 
physician. 

The second part of the volume takes up the locale, 
rather than the qualitative aspects, of pain. Here the 
discussion is more uneven, owing partly to the nature 
of the organ studied and partly to the preoccupations 
of the authors. Headache is particularly well covered, 
the contribution of the extracranial structures being 
adequately presented for the first time. The applied 
physiology that has blossomed as the result of the neuro- 
surgical procedures is a welcome addition to knowledge 
of the mechanisms and pathways of pain. 

In contrast to some of the other recent volumes of 
this series from the Association for Research in Ner- 
vous and Mental Disease, this volume is eminently read- 
able and understandable. 

Patients Have Families. By Henry B. Richardson. 

Price, $3. Pp. xx plus 408. New York: The Com- 
monwealth Fund, 1945. 

This book is the report of the director of an important 
investigation recently carried on by a group of health 
agencies in New York city. In it the relation of the 
patient to his family and his family background is sur- 
veyed from several angles. It has long been recognized 
that methods of obtaining information on this subject 
and its subsequent utilization are totally inadequate in 
the present practice of medicine. As the author. Dr. 
Henry B. Richardson, points out, only the old-fashioned 
general practitioner was in a position to evaluate the 
true nature of the patient’s symptoms in relation •to his 
family and background. Only the psychiatrist is at 
present equipped to analyze the material and to put it 
to therapeutic use. 

The investigation of the family background of a 
number of patients seen in the wards and clinic of a 
city hospital, was made with the cooperation of physi- 
cians, psychologists, social workers and public health 
nurses. Many organizations took part in the project, 
which was carried out over a number of years. For the 
most part the results are reported in the book through 
(fase or family histories. In parts of the book the 
“family as the unit of illness” and the “family as the 
unit of treatment” are considered. There is then a dis- 
cussion of the present and of the future, in which there 
may be better utilization of the family unit in hospital 
and medical practice through cooperation of the various 
medical specialty units. In the case histories one finds 
concrete examples of the failure of medical practice of 
today because of inadequate utilization of background 
material related to the patient. 


The author is to be complimented both on the detailed 
demonstration of the nature of the defects and on the 
suggestions for future improvement. Not only are prac- 
tical details elaborated, but there is a scholarly dis- 
cussion of earlier psychologic and sociologic material 
related to the subject in which he describes the homeo- 
stasis of the family group. The bibliography is excellent 
and draws from a wide field. 

Neurology o£ the Eye, Ear, Nose and Throat. 

By E. A. Spiegel and I. Sommer. Price, §7.50. 

Pp. xi plus 667, wifh 117 illustrations. New York: 

Grune & Stratton, Inc., 1944. 

This book may best be termed an uneven production. 
Spiegel and Sommer have attempted to do in one volume 
what Wilbrand and Saenger carried out in six volumes 
for the eye, and Alexander and Marburg in four volumes 
for the ear. Even the bibliography is overweighted, 
with over 1,700 references — far too many for a work 
of this size. Spiegel’s w'ide acquaintance with the 
physiology of the 'nervous system appears on nearly 
every page, but bis meticulousness gets him in trouble 
with the reader because of the frequent balancing of 
negative and positive results in complex experiments. 
Furthermore, the authors cannot seem to keep physi- 
ology in the background when they come to discuss 
clinical applications. It is as though they thought that 
even if tlie clinical results are not definite they should 
be because experimental work gives clearcut results. 
Aside from Spiegel’s own original contributions to the 
neurology of the eye and ear, this must be considered 
as a scholastic rather than a scholarly work. There 
is a vast amount of information contained in the book, 
together with suitable illustrations, but the information 
is imperfectly digested. Possibly the book represents 
an attempt to get away from the oversimplification of 
neurology. If so, it has succeeded admirably. 


News and Comment 


APPOINTMENT OF DR. LEO M. 
DAVIDOFF 

Dr. Leo M. Davidoff has been appointed attending 
neurologic surgeon at Montefiore Hospital for Chronic 
Diseases, New York, and will commence his duties on 
a full time basis on or about September 1. He has 
also been appointed to the rank of professor of clinical 
neurologic surgery at Columbia University College of 
Physicians and Surgeons. 

Dr. Davidoff will continue with his consulting prac- 
tice in neurosurgical problems at his office, which will 
be located in Montefiore Hospital. 

Dr. Davidoff served as resident in neurologic surgery 
under Dr. Harvey Cushing in Boston and was later 
affiliated wuth the Neurological Institute of New York. 
Before coming to Montefiore Hospital, he was chief of 
surgery and attending neurologic surgeon at the Jewish 
Hospital of Brooklyn. 
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EXPERIMENTAL STUDIES ON HEADACHE 

TRANSIENT THICKENING OF WALLS OF CRANIAL ARTERIES IN RELATION TO CERTAIN PHENOMENA OF 
MIGRAINE HEADACHE AND ACTION OF ERGOTAMINE TARTRATE ON THICKENED VESSELS 

C TORDA, M.D., axd H. G. WOLFF, .Af.D. 

NEW YORK 


Distention of cranial arteries induces pain of 
an aching quality.^ On the other hand, when the 
distended cranial arteries associated with the 
attack of migraine headache are constricted, the 
pain is abolished.- The speed with which vasocon- 
strictor agents, such as ergotamine tartrate, re- 
duce the intensit}' of the headache approximates 
the rate of constriction of the cranial arteries. 
In many patients the headache arises in the dis- 
tended branches of the external carotid arteries,^ 
although any or all of the cranial arteries may 
be involved at one time or another in migraine 
headache. Secondarj'^ to such pain from prolonged 
distention of cranial arteries, the skeletal muscles 
of the neck and scalp contract. Such prolonged 
contraction in itself becomes painful and adds a 
component to the migraine headache.'* 

This study was aided by a grant from the Josiah 
Macy Jr. Foundation. 

From the New York Hospital and the Departments 
of Medicine (Neurologj') and Psychiatry, Cornell Uni- • 
versity Medical College. 
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perimental Studies on Headache : Observations on 
Headache Produced by Histamine, Arch. Neurol. & 
Psychiat. 35:1054 (May) 1936. Pickering, G. W. : 
Experimental Observations on Headache, Brit. M. J. 
1:907, 1939. -Ray, B. S., and AVolff, H._ G. ; Experi- 
mental Studies on Headache : Pain-Sensitive Structures 
of the Head and Their Significance in Headache, Arch. 
Sufg. 41:S13 (Oct.) 1940. 

2. Graham, J. R., and Wolff, H. G. : Mechanism 
of Migraine Headache and Action of Ergotamine Tar- 
trate, A. Research Nerv. & Ment. Dis., Proc. 18:638, 
1938; Arch. Neurol. & Psychiat. 39:737 (April) 1938. 
Sutherland, A. M., and Wolff, H. G. : Experimental 
Studies on Headache : Further Analysis of the Mechan- 
ism of Headache in Migraine, Hypertension and Fever, 
ibid. 44:929 (Nov.) 1940. 

3. Schumacher, G. A., and Wolff, H. G. : Experi- 
mental Studies on Headache ; A. Contrast of Histamine 
Headache with the Headache of Migraine and That 
Associated with Hypertension; B. Contrast of Vascular 
Mechanisms in Preheadache and in Headache Phe- 
nomena of Migraine, Arch. Neurol. & Psvchiat. 45:199 
(Feb.) 1941. 

■ 4. Simons, D. J. ; Day, E. ; Goode]], H., and Wo]ff, 
H. G. ; Experimental Studies on Headache ; Muscles of 
the Scalp and Neck as Sources of Pain, A. Research 
Nerv. & Afent. Dis., Proc. 23:209, 1943 


Certain additional phenomena of the migraine 
headache which have not been studied before are 
the subject of this discussion. They may he de- 
scribed as follows: After several hours of mi- 
graine headache, involving for example the 
temporal artery, the vessel may appear more 
prominent and distended than normal and be- 
comes more readily palpable through the skin. 
Further, instead of .being readily collapsible, it 
becomes rigid, pipelike and less readily com- 
pressible by the palpating finger. Also, the artery 
may be tender when compressed. Patients so 
affected may report that after the first hour or 
two of an attack of migraine headache the quality 
of the headache changed in that the initial pulsat- 
ing or throbbing was less conspicuous or was ab- 
sent and the pain became a steady ache. 

To account for these changes, we have postu- 
lated that after sustained dilatation there occurs a 
transient change in the structure of the wall of 
the temporal artery, namely, thickening or edema 
of the muscular and adventitial structures. To 
validate this conception, sections taken from the 
temporal artery of patients during attacks of mi- 
graine headache involving this structure were 
studied. Microscopic examination of such sec- 
tions suggested that there was thickening of the 
arterial wall. However, exactly comparable con- 
trol sections of the same or other arteries during 
periods of freedom from headache cannot be 
obtained. 

It has been necessary, therefore, to approach 
the problem through animal studies by determin- 
ing whether transient changes within the arterial 
walls, such as are relevant to this discussion, can 
follow prolonged vasodilatation. 

To achieve this end, the use of a vasodilator 
agent, preferably one present in the body, was de- 
sirable. Acetylcholine was selected. It is empha- 
sized that the selection was not based on evidence 
that acet3dcholine causes migraine headache ; the 
drug was chosen because it is an active vasodi- 
lator, is promptly destroyed locally and can be 
infused for several hours without endangering the 
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life of the animal. It is suggested that the thicken- 
ing of arterial walls demonstrated in the follow- 
ing experiments may be analogous to transient 
thickening of arterials walls during a prolonged 
attack of migraine headache. 

EXPERIMENTS WITH A VASODILATOR SUBSTANCE 

Method. — Six cats were anesthetized with an aqueous 
solution of dial with ethyl carbamate and monoethylurea. 
One ear was removed as a control for histologic study. 
Mammalian Ringer’s solution s containing 0.5 mg. of 
acetylcholine bromide per hundred cubic centimeters was 
infused into the common carotid artery on the side of 
the intact ear by inserting a hypodermic needle into a 
branch with the tip of the needle reaching the common 
carotid artery and pointing in the direction of the blood 
stream. The rate of inflow (ascertained by a drop re- 
corder in the inflow circuit) was so adjusted that the 
total input of the acetylcholine solution during the two 
hours of infusion was 10 cc. 

The blood pressure was registered by means of a 
cannula inserted into the femoral artery and leading to 


then measured with a planimeter. From 100 to 250 cross 
sections of arteries from each ear were thus measured 

Frozen sections were also prepared. These sections 
showed changes similar to those noted in ears fixed with 
Bouin’s solution; but since the frozen sections were 
technically less satisfactory for measuring, the results 
have not been included in the data presented. 

Results . — On gross inspection the infused ears 
were noted to be slightly thicker than the control 
ears ; and when they were compressed between 
the fingers, pitting was observed. The infused 
ears were redder, and the blood vessels appeared 
larger. Irregularly scattered about were small, 
reddened regions, presumably the result of 
diapedesis. 

Microscopic examination showed that the walls 
of the arteries of the infused ears were some- 
times thickened. Here and there the intima was 
slightly swollen, and the nuclei of the smooth 
muscle cells were farther apart than normal. 


Cross Sectional Areas of the Walls of Arteries of Ears Infused ivith a Vasodilator Substance (Acetylcholine) and 

of Contrdl Ears*' 


Procedure 


Control 

Ear infused with acetylcholine. 


Cross Section Area of Wall 

0.5 to 0.75 Sq. Cm. 

5 to 7. 5 Sq. Cm. 

0.5 to 7.5 Sq. Cm. 

/ 

Number 

^ f 

Total Area of the 

Number 

Total Area of the 

Total Area of Cross 

of 

Cross Sections 

of 

Chross Sections 

Sections of the Walls 

Arteries, 

Within the 

Arteries, 

Within the 

per 100 Arteries, 

% 

Group, Sq. On. 

% 

Group, Sq. Cm. 

Sq. Cm. 

21.9 

12.«0 

3.0 

19.10 

185.50 

12.0 

7.50 

18.3 

109.00 

208.00 


* The values given are the values for the projected (camera lucida) sections and not actual dimensions of arteries. 


a mercury manometer. Acetylcholine in the concentra- 
tions used induced no significant changes in the blood 
pressure, the heart rate or the rate of respiration. 

After two hours of infusion the remaining ear was 
removed. The ears were fixed in Bouin’s solution, and 
cross sections were prepared for histologic study. Five 
strips of tissue were cut from each ear, the correspond- 
ing strips being equidistant from the tip. The strips 
were approximately 2 mm. wide, and the sites from 
which they were taken were separated from each other 
by about 2 mm. The strips were, therefore, representa- 
tive samples of the ear from tip to base. Each strip 
was divided into two to four pieces for convenience in 
cutting and mounting. From one to three sections for 
histologic study were made from each piece, making 
twelve to twenty sections from each ear. The sections 
were prepared with the trichrome stain.® The width 
of the walls of all arteries containing visible smooth 
muscle was measured. An area of the cross section of 
the wall, including intima, stratum muscularis and ad- 
ventitia, of each of the arteries was projected onto 
paper by means of a camera lucida, using a magnifica- 
tion of 15 by 40, and a tracing made. This area was 

5. klammalian Ringer’s solution contains 0.900 Gm. 
of sodium chloride, 0.030 Gm. of potassium chloride, 
0.025 Gm. of calcium chloride and 0.020 Gm. of sodium 
bicarbonate per hundred cubic centimeters. 

6. Dr. Lewis D. Stevenson helped in the prepara- 
tion and evaluation of the histologic slides. 


There was no cellular exudate or hyperplasia. 
It seemed, then, not only that the arteries were 
dilated but that their walls were thicker. 

Measurements of the projected areas of cross 
sections of the arterial walls are summarized in 
the table. These quantitative data are expressions 
of the magnifications of the ■ camera lucida and 
the microscope and do not represent actual 
dimensions of the arteries. The arteries were 
classified according to magnitude of the projected 
areas of the cross sections into eleven groups. 
The magnified thickness of the walls varied from 
5 to 48 mm. Sections from the control series had 
a larger number of arteries with the smallest 
cross section area of the wall, whereas the infused 
ears had a larger number of arteries with the 
greatest cross section area of the wall. As a result 
of infusion the cross section area of the walls of 
the arteries was increased throughout the whole 
range of artery sizes, as evidenced by the shift 
of greatest frequency from the arteries of smaller 
area toward the arteries of greater area. Also, 
the total area of the walls of the arteries obtained 
from the ears infused with acetylcholine was much 
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greater (the average for 6 ears was 268 sq. cm. 
per hundred arteries per ear) than the area of the 
walls of the arteries from the control ears (the 
average for 6 control ears was 185.50 sq. cm. 
per hundred arteries per ear). This represents 
an increase in total area of 44 per tent over the 
control ears. 

EXPERIMENTS WITH A VASOCONSTRICTOR 

substance 

To ascertain whether a vasoconstrictor agent 
acts with equal promptness and to the same ex- 
tent on thickened and on nonthickened arteries, 
the following experiments were performed. The 
vasoconstrictor agent, ergotamine tartrate, was 



Comparison of the effect of ergotamine tartrate on 
the control ear and on an ear infused previouslv for 
one hundred and twenty minutes with acetylcholine 
bromide (photograph taken by transillumination twenty- 
five minutes after injection of ergotamine tartrate). 

A, control ear, showing striking vasoconstriction. 
Except for the marginal vessels, the blood vessels are 
barely visible. (The photograph of this ear, as com- 
pared with that of the infused ear (B), appears over- 
exposed. This is because the exposure required for 
photographing the thickened, reddened infused ear was 
longer than was desirable for the thinner, pale control 
ear). 

B, ear infused with acetylcholine bromide. The vaso- 
constriction was less evident, and the blood vessels were 
larger and more numerous than in the control ear. 

chosen because it is an effective means of termi- 
nating an attack of migraine headache, and its 
use was, therefore, most relevant to this investi- 
gation. 

Method . — Six cats were given infusions of acetyl- 
choline bromide for two hours, as previously described, 
except that both ears were left in situ. Since the 
action of acetylcholine in the concentrations used is 
local and the agent is promptly destroyed, the ear on 
the infused side showed only the vasodilator effects of 
acetylcholine. The opposite, or control, ear retained its 
normal color and appearance. After two hours of in- 
fusion, ergotamine tartrate (0.007 mg. per kilogram) 
was injected into the femoral vein or subcutaneously, 
and the ears were inspected by transillumination and 
photographed. 


Results. — Shortly after injection of ergotamine 
tartrate the control ear became pale and the ves- 
sels were notably constricted. The smallest ves- 
sels were no longer visible. In the infused ear 
the vasoconstriction began, or at least became 
noticeable, somewhat later. The time of vasocon- 
striction and the degree of constriction in the in- 
fused ear were variable. However, the infused ear 
remained redder than the control ear and its blood 
vessels significantly larger even after four hours ! 
In 1 cat there was still a striking contrast between 
the arteries in the control ear and those in the 
infused ear after seven hours (figure). 

COMMENT 

From the data presented it is seen that cranial 
arteries exposed to the prolonged effect of the 
vasodilator agent acetylcholine bromide exhibit 
an increase in the thickness of the arterial walls. 
Thus, sustained dilatation of cranial vessels leads 
to transient structural changes. It is possible 
that the vasa vasorum in the dilated walls become 
more permeable and that the tissue spaces within 
the walls contain more fluid. The relation of these 
changes to clinical phenomena may be significant. 

Dunning ^ collected the evidence concerning 
structural changes which he and others observed 
to be associated with attacks of migraine head- 
ache. In addition to prominent arteries, the 
defects outside the cranium include edema, 
ecchymosis, thrombosis and hemorrhage, and the 
defects within, thrombosis and hemorrhage. The 
facial edema and the results of hemorrhage may 
outlast the headache by many hours, or even 
days. 

Changes in the appearance of capillaries have, 
been observed during attacks of migraine head- 
ache.® These changes were attributed to swelling 
of the endothelial cells of the capillary wall ® and . 
to increased transudation.® 

Kennedy^® suggested that masses of fluid col- 
lected around intracranial blood vessels are re- 
sponsible for both the migraine headache and the 
visual and other sensory disturbances. Kennedy’s 
explanation is that the headache results from the 
rapidly formed “localized swellings” which stretch 
“agonizingly sensitive” meninges. This implies 
that during the attack of migraine the headache 

7. Dunning, H. S. : Intracranial and Extracranial 
Vascular Accidents in Migraine, Arch. Neurol. & 
Psychiat. 48:396 (Sept.) 1942. 

8. Redish, W., and Pelzer, R. H.; Capillary Studies 
in Migraine : Effect of Ergotamine Tartrate and Water 
Diuresis, Am. Heart J. 26:598, 1943. 

9. Cohnheim, J. F.; Lectures on General Pathology, 
London, The New Sydenham Society, 1889. 

10. Kennedy, F.: Migraine— A Symptom of Focal 
Brain Edema, New York State J. Med. 33:1254, 1933. 
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precedes the visual defects because the fluid would 
lie obliged to collect about the vessels before it 
could “irritate contiguous brain areas.” As a 
matter of fact, however, visual disturbances usual- 
ly precede the headache and end with its onset, 
or even before. 

In short, there is no evidence that the edema 
associated with migraine is essential to the 
mechanism of either the preheadache or the head- 
ache phenomena. It may, however, modify the 
latter and manifest itself in other bodily effects, 
such as swelling of the face and extremities and 
disturbed urinary output. 

The data thus far assembled have led us to the 
following formulation of the cranial mechanism 
cpncerned in the production of migraine; An 
initial local vasoconstriction of cerebral arteries 
produces visual and other sensory preheadache 
phenomena.® As these phenomena recede, vaso- 
dilator manifestations of headache appear. Some- 
times the latter overlap the last traces of prehead- 
ache phenomena, and sometimes the headache 
begins after a short interval of freedom from 
symptoms. Rarely do the preheadache phenomena 
continue long after the headache has become es- 
tablished. The vasodilatation of certain cranial 
arteries, chiefly of one or another branch of the 
external carotid artery, gives rise to a throbbing, 
aching pain, which may be appreciably reduced 
by pressure on the common carotid artery, and 
sometimes on a superficial artery, and through 
the action of ergotamine tartrate. Vasodilata- 
tion when sustained during several hours leads 
to thickening or edema of the affected arterial 
wall and often to edema of adjacent tissue. Owing 
to transient thickening of their walls, the soft, 
readily collapsible arteries become rigid and 
pipelike. Further, the pulsating pain becomes a 
steady ache, and the artery itself becomes tender 
on palpation. 


It has been demonstrated that ergotamine tar- 
trate contracts a distended artery with thickened 
walls less promptly and completely than a nor- 
mal one. Such differences in action indicate that 
ergotamine tartrate will be therapeutically most 
effective whe» administered soon after the onset 
of the attack of migraine headache. 

CONCLUSIONS 

After several hours of migraine headache 
changes in cranial arteries appeared. A distended 
temporal artery, for example, seems more promi- 
nent. It becomes more easily palpable through 
the skin, and, instead of being readily collapsible, 
is rigid and pipelike and is less easily compressed 
by the palpating finger. The nature of these 
alterations was studied by experimental induction 
of analogous changes in cats. 

The structure of the arteries of the ears of 6 
cats was studied after infusion for two hours of 
10 cc. of mammalian Ringer solution containing 
0.5 mg. of acet 3 dcholine bromide per hundred 
cubic centimeters. Measurements demonstrated 
thickening of the arterial walls of the infused 
ears. Also, a vasoconstrictor agent, ergotamine 
tartrate, was observed to be less prompt and 
effective in constricting arteries with thickened 
walls than arteries with normal walls. 

It is suggested that during attacks of migraine 
headache the cranial arteries involved may under- 
go similar changes after prolonged vasodilatation. 
Such changes may explain the rigid, pipelike tex- 
ture of the arteries, the steady aching pain 
and the tenderness of these structures when head- 
ache has persisted for many hours. Also, these 
changes may explain the decreased ability of 
ergotamine tartrate to reduce promptly the in- 
tensity of prolonged headache. 

525 East Si.xty-Eiglith Street. 



CEREBRAL INJURY BY BLUNT MECHANICAL TRAUMA 

SPECIAL REFERENCE TO THE EFFECTS OF REPEATED IMPACTS OF MINIMAL INTENSITY; 

OBSERVATIONS ON EXPERIMENTAL ANIMALS 

C. G. TEDESCHI, M.D. 

HARDING, MASS. 


PURPOSE OF INVESTIGATION 

It has been suggested by several investigators 
that the effects of cerebral trauma may be 
cumulative. As far back as 1874 Koch and 
Filene ^ had shown that animals could be killed 
by repeated small blows on the head without 
showing any evidence of structural damage to 
the brain. Later Martland - recognized a peculiar 
condition occurring among prize fighters, which 
he named “punch drunk” and which he attrib- 
uted to the repeated head punishments they had 
suffered while in the ring. Then Shaller, 
Tamaki and Newman “ showed the apparent 
increase in vulnerability of the cerebral vessels 
induced by the application of repeated blows. 
More recently Denny-Brown and Russell 
demonstrated that paralysis of respiration of 
increasing duration and rise of blood pressure 
occurred with successive blows and that con- 
cussion could be obtained readily by repetition 
of moderately severe blows. 

In apparent contrast to these observations are 
those of Noble and associates ® leading to the 
concept of “trauma resistance” ; by gradually 
increasing the amount of trauma they found that 
animals could tolerate a number of blows fatal 
to a normal animal. In explanation of this, bio- 
chemical analvsis of the blood and tissues by 

From the Laboratories of the Medfield State Hos- 
pital. 

This paper was read at the May 1944 meeting of 
the Massachusetts Psychiatric Society. 
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2. Martland, H. S. ; Punch Drunk, J. A. M. A. 
91:1103 (Oct. 13) 1928. 
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Nature and Significance of Multiple Petechial Hemor- 
rhages Associated with Trauma of the Brain, Arch. 
Neurol. & Psychiat. 37:1048 (May) 1937. 

4. Denny-Brown, D., and Russell, W. R. : Experi- 
mental Cerebral Concussion, Brain 64:93 (Sept.) 1941, 

5. Noble, R. L., and Collip, J. B. : Quantitative 
Alethod for Production of Experimental Traumatic 
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mals, Quart. J. Exper. Physiol. 31:187 (Feb.) 1942. 
Noble. R. L. ; Development of Resistance by Rats and 
Guinea Pigs to Amounts of Trauma Usually Fatal. 
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Neufeld, Toby and Noble ° seemed to indicate 
that the resistance which develops as a result of 
repeated trauma involves a stabilization of meta- 
bolic processes, which are notably upset in the 
“non-resistant traumatized animal.” 

As further knowledge along this line seemed 
desirable, experiments were planned with the aim 
of seeing whether the disorders of function 
observed by other investigators could be cor- 
related with demonstrable changes in the nervous 
system. More exactly, one of the main points 
with which I was concerned in my investigation 
has been that of studying, under controlled 
experimental conditions, the immediate and de- 
layed effects of repeated moderately severe blunt 
impacts on the heads of animals. The repeated 
impacts were delivered in two ways — to some 
animals at relatively short intervals and to others 
at longer intervals, the total amount of trauma 
being the same for the two groups. 

In relation to the mechanism of trauma, brain 
injuries have been said to occur in one of the two 
following ways : by distortion of the skull or by 
movements of the brain within the skull. In view 
of the possibility of different effects from the two 
mechanisms of trauma, the results of the repeated 
impacts, both in close succession and at longer 
intervals, were studied comparatively : in animals 
in which a distortion of the skull, even of slight 
degree, was likely to occur under the force of the 
impact, and in animals in which forces of 
acceleration were mainly involved. 

A blunt impact on the animal's head while at 
rest was thought to realize the first condition, 
while the second condition was made possible by 
a procedure which permitted a rapid acceleration 
of the head and its sudden arrest by meeting a 
resistance. 

MATERIAL AND METHODS 

The albino rat was chosen as the experimental animal, 
in view of the facility with which changes in behavior 
can be detected in this animal. Mature male and female 
rats of the same strain and approximately similar weights, 

6. Neufeld. A. H.; Toby, C. G., and Noble, R. L.: 
Biochemical Findings in Normal and Trauma-Resistant 
•Rats Following Trauma, Proc. Soc. E.xper. Biol. & 
iled. 54:249 (Nov.) 1943. 
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ranging from 180 to 205 Gm., were used. During the 
course of the experiments they were properly fed, with 
all precautions to avoid the complications derived from 
a dietary deficiency. The weight of the animals was 
taken at the beginning and at the end of the experi- 
ment and was checked periodically in the intervening 
period. The animals which did not die spontaneously 
as a direct consequence of the trauma were killed by 
inhalation of chloroform, dying within a few seconds; 
several control animals, submitted to inhalation of 
chloroform alone, did not show any demonstrable lesion 
in the nervous system. As soon as the animal was 
dead, the head was severed from the body and placed 
in a 10 per cent solution of formaldehyde U.S.P. in 
isotonic solution of sodium chloride. After forty-eight 
hours, the skull was opened, and the cerebrum, 
the cerebellum, the two parafloccular lobes and 
the cervical portion of the spinal cord were re- 



Fig. 1. — Platform (A) sliding in a slot (B) and pro- 
vided with a block (C) shaped to the head of the 
animal; iron paddle (D), which can act either as a 
traumatizing agent or as a carrier of the animal ; 
metal rod (£) passing through a revolving tumble 
block (F) set between two shoulders (G) ; upright 
block (i?) reenforced by braces (/) and provided with 
a catch (/) to hold the rod and to release it suddenly. 

moved in one block. A thorough inspection of the 
abdominal and thoracic organs was made in all animals. 
This seemed to be indicated particularly in the rats in 
wliich the changes in the brain did not explain suffi- 
ciently the course of events following the trauma. 
When observation with the naked eye did not reveal 
any noticeable change on which to focus further studies 
the brain was divided into two blocks in a horizontal 
plane, from the tip of the olfactory lobes to the base 
of the fourth ventricle, the section passing through 
the basal nuclei at equal distances from the vault and 
the base. The lower block comprised the base of the 
cerebral hemispheres, the pons and the cerebellum, and 
the upper block, the vault of the cerebral hemispheres. 


One of the two blocks was embedded in paraffin, sec- 
tioned at different levels and stained with hematoxylin 
and eosin. From the other block frozen sections were 
made and stained according to the Cajal reduced silver 
method for nerve fibers, the Spielmeyer method for 
myelin sheaths, the Nissl method for nerve cells (cresyl 
violet) and the oil red O (pyridine solvent), sudan III 
and the March! method. 


As the traumatizing agent, an apparatus was devised 
and set up " which consisted of two fundamental parts 
(fig. 1, 1 and 2) : first, a rectangular wooden platform 
(A), sliding in a slot cut in the base (B) and provided 
with a block (C) shaped to the head of the animal; 
and, second, a rectangular iron paddle (D) of sufficient 
weight and size to act either as a blunt traumatizing 
agent, in the procedure of compression concussion 
(fig. 1 A), or as carrier of the animal, in the procedure 
of acceleration concussion (fig. 1, 2). The metal rod 
(£), attached to the iron paddle, was passed through 
a revolving tumble block (F) set between two shoul- 
ders (G), so as to allow the length of the rod to be 
adjusted as desired; the tumble block was supported 
by an upright (H), reenforced by braces (/) and pro- 
vided with a catch (/) to hold the rod and to release 
it suddenly. 


The possibility of reproducing by this apparatus in- 
juries of the type most commonly occurring in man 
as a result of accidental head trauma is easily seen. 
When the iron paddle was allowed to fall and strike 
the fixed head of the animal lying stationary on the 
platform, the condition was realized of a moving object 
striking the head at rest, whqreas the method of having^ 
the animal fixed to the falling paddle and striking the 
head against, the platform realized the condition of a 
fall from a height on to a hard surface. 

In preliminary experiments on a large number of ani- 
mals, in which the amount of trauma was gradually in- 
creased, the momentum of the force necessary to produce 
the desired degree of trauma and, correspondingly, of in- 
jury to the brain, was determined exactly. For each 
degree of trauma, the effects of blows of identical strength 
were studied comparatively with each of the two mecha- 
nisms — moving head against stationary object and mov- 
ing object against stationary head. With application of 
either mechanism, the following degrees of trauma were 
produced ; 

1. A crushing injury, with fracture of the skull, 
extensive damage to the brain and its involucres and 
death within three hours — immediate lethal blow (mass, 
973 Gm. ; velocity at point of impact, 392.8 cm. per 
second). 

2. A less severe but still fatal injury, with or with- 
out fracture of the skull, with cerebral damage of 
various degrees and delayed death, within from four 
hours to seven days — delayed lethal blow (mass, 744 
Gm.; velocity at point of impact, 367 cm. per second). 

3. A concussive blow, with transient loss of con- 
sciousness ® and apparently complete recovery in vary- 


7. Dr. E. K. Holt and Dr. E. K. Holt Jr. gave 
assistance in this undertaking. 

8. The presence or absence or defect of conscious- 
ness is a matter for conjecture in the experimental 
animal which cannot give any reliable test response 
as a human being does. When clear evidence of par- 
alysis of cerebral functions was not obtainable, the 
loss of the pupillary reflexes was taken as a basic 
criterion of concussion. The absence of fracture of 
the skull or of gross hemorrhagic or necrobiotic change- 
in the brain, brain stem or cervical portion of the 
spinal cord on postmortem examination was included 
as an additional basic criterion of concussion. 
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ing periods (mass, 567 Gm. ; velocity at point of im- 
pact, 345.7 cm. per second). 

4. A subconcussive blow, the strength of which was 
insufficient to cause loss of consciousness or any other 
immediate or delayed ill effects (mass, 453.6 Gm. ; 
velocity at point of impact, 330.9 cm. per second). 

It was this blow of minimal intensity which was 
used in the investigation of cumulative effects of re- 
peated trauma. 

Precautions were taken that all animals should re- 
ceive a trauma of the same momentum each time and 
thai- the heads of the animals should be struck in the 
same region. The occipitoparietal region was chosen 
because in the rat this area of the skull is thicker and 
less liable to fracture. 

In summarizing the protocols of the experiments, I 
shall proceed according to the degree of trauma, from 


table 1, and figure 2 shows the amount of 
cerebral damage suffered by the animals of this 
group. Fracture of the skull was found in almost 
all the rats, and in 2 animals (rats 22 and 23) 
fragments of skull were found deeply driven in 
the brain matter. Contusions and extensive 
bruising of the cortex, including several adjacent 
convolutions and involving to a considerable 
degree the underlying white substance, were out- 
standing features in all cases, without any differ- 
ences that could be related to the mechanism of 
trauma. As Rand and Courville have pro- 
posed, lesions of this type might be properly 
defined as “contused lacerations,” thus empha- 
sizing the role played by the blood flooding from 


Table 1. — Effects of Immediate Lethal Trauma 


Rat 

No. 

Time of 
Death 


Postmortem Observations— Brain 



Other 

Observations 

Skull 

Site of Impact 

Contralateral Injury 

> 




Moving Head Against Stationary Object 





17 

2 hr. 

Eiacture 

Small areas of hemorrhagic soften- 
ing in both occipital lobes 






. 22 

Immediate 

Fracture 

Extensive contused lacerations, with 
indriven fragments of skull 

Subarachnoid 

hemorrhage 

at 

base 


21 

Immediate 

Fracture 

Extensive contused lacerations, oc- 
cipitocerebeUar region 

Subarachnoid 

hemorrhage 

at 

base 


23 

3 hr. 

FTacture 

Extensive contused lacerations, with 
indriven fragments of skull 

Subarachnoid 

hemorrhage 

at 

base 


18 

10 mia. 

Fracture 

Extensive contused lacerations 

Hemorrhages 

in pontobulbar region 


1C 

3 hr. 

Fracture 

Small area of hemorrhagic soften- 





Edema of lungs 

ing, left temporoparietal region 








Moving Object Against 

Fixed Head 





77 

Immediate 

None 

Extensive contused lacerations 

Subarachnoid 

hemorrhage 

at 

base 


12 

Immediate 

Fracture 

Diffuse subarachnoid hemorrhage; 
small areas of hemorrhagic soft- 
ening in both frontal lobes 

Subarachnoid 

hemorrhage 

at 

base 


5 

5 min. 

Fracture 

T'.'KtpnKivp pnntnsprt InofirfitlnnR. . . 





Hemorrhagic ero- 
sions in stomach 







(3 

8 min. 

None 

F.xfpnKivfl pontnKfld lacerations 





Hemorrhagic ero- 
sions in stomach 







13 

10 min. 

Fracture 

Extensive contused lacerations 






7 

3 hr. 

None 

Diffuse subarachnoid hemorrhage; 
hemorrhagic softening, occipito- 
parietal region 







the most to the least severe, in the following order ® ; 
(1) immediate lethal trauma (12 animals) ; (2) delayed 
lethal trauma (15 animals) ; (3) concussive trauma — 
maximum sublethal trauma (68 animals) ; (4) subcon- 
cussive trauma, not repeated (30 animals) ; (5) sub- 
concussive trauma, repeated (a) at long intervals (60 
animals, and (b) in close succession (60 animals). 

Special consideration will be given in this study to 
the observations arising from the experiments on the 
animals of group 5. 

SURVEY OF EXPERIMENTS 
IMMEDIATE LETHAL TRAUMA 

Gross Observations. — The results of post- 
mortem examination of the animals dying imme- 
diately or shortly after a crushing type of injury 
had been applied are graphically represented in 

9. The animals used in the preliminary experiments 
(150 approximately) to establish the momentum of the 
force necessary to produce the different degrees of 
trauma are not included. 


the ruptured blood vessels in destroying and 
hollowing large areas of brain. 

Contralateral injury, in the sense that a pole 
of the brain opposite the site of impact showed 
evidence of damage, was found in 1 animal only 
(rat 18) ; contralateral subarachnoid bleeding 
was, on the contrary, frequent, as the result of 
the tearing of the delicate vessels entering the 
base of the brain. 

In this group an animal (rat 16) is included 
which died in the third hour, after the develop- 
ment of acute pulmonar}’^ edema. As the cerebral 
damage was rather limited in this animal, con- 
sisting of a small area of hemorrhagic softening 
in the left temporoparietal region, the impression 
was that the superseding pulmonary edema had 

19. Rand, C. W., and Courville, C. R. z Histologic 
Changes in the Brain in Cases of Fatal Injury to the 
Head: V. Changes in the Nerve Fibers, Arch.* Neurol. 
& Psj'chiat. 31:527 (March) 1934. 
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rendered fatal what otherwise would have been 
a reparable injury to the brain. 

Among the subsidiary findings, the presence 
of blood in the stomachs of 2 animals (rats 5 
and 6) deserves mention. In both animals the 
gastric mucosa showed a scattering of tiny hemor- 
rhages, which had a tendency to aline themselves 
along the crests of the gastric plicae. The 
hemorrhages were in general superficial, and as 
the mucosa was not depressed or otherwise al- 
tered, the resulting pattern was that of a simple 
hemorrhagic change. 



Fig. 2. — Horizontal sections of the brains of 4 ani- 
mals which died shortly after a crushing type of injury 
(immediate lethal trauma), showing e.xtensive contused 
lacerations. Rats 21, 22 and 23 struck the moving 
head against the stationary object; rat 12 was struck 
by the moving object on the stationary head. Fracture 
of the skull was a constant finding in all cases, and 
in 2 animals (rats 22 and 23) fragments of skull were 
found driven deeply in the brain matter. 

With the exception of 1 animal that received 
the blow without showing loss of consciousness 
but shortly thereafter became comatose and died 
in the third hour, all the animals of the group 
were made unconscious at the time of the trauma 
and did not recover before death. 

Microscopic Observations . — As one would ex- 
pect, no evidence of progressive change was seen 
in the microscopic sections of the brains of the 
animals dying outright after the trauma. At the 
site of the hemorrhages there was almost com- 


plete obliteration both of cells and of fibers; and 
when fibers were still recognizable, they appeared 
twisted, fragmented and widely separated one 
from another by the interposed extravasated 
blood. 

Progressive changes in nerve fibers, on the 
other hand, were already present in the animals 
surviving the trauma from two to three hours. 
In the hemorrhagic areas some of the nerve fibers 
stained poorly; others were deeply impregnated, 
and still others appeared to be thickened, with 
interruptions which at times resolved themselves 
into granular formations (fig. 3 A). Granular 
disintegration and twisting of fibers, with peculiar 
zigzag figures and terminal swelling of the ends 
of the fragmented fibers (bulbs of retraction), 
rvere also noticeable in the immediate vicinity of 
the hemorrhagic areas and at times in remote 
areas of the brain, otherwise undamaged (fig. 
3B). The lesions in the axis-cylinders were 
accompanied by e^ddence of disintegration of 
the myelin sheaths, which already at the second 
hour displayed varicose swelling, moniliforra 
thickening, with reabsorption in areas, and for- 
mation of ellipsoids and fatty droplets (fig. 3 C). 
Clublike formations at the ends of the degener- 
ated portions of interrupted fibers were notice- 
able in the myelin preparations, and they seemed 
to correspond to the bulbs of retraction of the 
fragmented axons in the silver-impregnated sec- 
tions. 

All these findings are in agreement with pre- 
vious observations by other authors (Jakob,^’ 
Pfeifer,!- Schwartz and Fink,!® Rand and Cour- 
ville,!® Greenfield, Hassin !=) and lend further 
support to the recent conclusion of Row'^botham !® 
that “demonstrable changes in neurons, other 
than in contusional areas, can always be found 
following fatal (head) injuries.” 

11. Jakob, A.: Ueber die feinere Histologic der 
sekundaren Faserdegeneration ' in der weissen Substanz 
des Ruckenmarks, in Nissl, F., and Alzheimer, A.: 
Histologic und Histopathologic. Arbeiten iiber die Gross- 
hirnrinde, Jena, Gustav Fischer, 1912, vol. S, p. 1 ; Experi- 
mentelle Untersuchungen iiber die traumatischen Schadi- 
gungen des Zentralnervensystems, ibid., vol. 5, p. 182. 

12. Pfeifer, B. : Ueber die traumatische Degeneration 
und Regeneration des Gehirns erwachsener Menschen, 
J. f. Psychol, u. Neurol. 12:96, 1908. 

13. Schwartz, P., and Fink, L. : Morphologic und 
Entstehung der geburtstraumatischen Blutungen im 
Gehirn und Schadel der Neugeborenen, Ztschr. f. 
Kinderh. 40:427, 1925. 

14. Greenfield, J. G. : Some Observations on Cere- 
bral Injuries, Proc. Roy. Soc. Med. 32:43 (Nov.) 1938. 

15. Hassin, G. B. ; General Pathological Considera- 
tions in Brain Injury, in Brock, S. : Injuries of the 
Skull, Brain and Spinal Cord, Baltimore, Williams & 
Wilkins Company, 1940, chap. 2. 

16. Rowbotham, G. F. : Acute Injuries of the Head, 
Baltimore, Williams & Wilkins Company, 1942. 




Fig. 3. — A, twisting and fragmentation of nerve fibers in a subcortical area of contused laceration. The 
animal, rat 7, died three hours after a severe blow on the stationary head which had left the skull intact 
(immediate lethal trauma). Cajal stain; ocular 4; objective 10. 

B, thickening, spiroid course and splitting and fragmentation of nerve fibers in a portion of brain, apjjar- 
ently undamaged, at some distance from the area of contusion shown in A. Cajal stain; ocular 4; objective 10. 

C, from a section at a level corresponding to that of sections A and B, showing severe disintegration of 
myelin with formation of ellipsoids and fat droplets. Spielmeyer stain; ocular 4; objective 40. 

In the study of the sections in this figure, and of those in figures 4, 9, 10, 11, 12, 13 and 14, a Bausch & 
Lomb microscope was used. 
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DELAYED LETHAL TRAUMA 

The longer period of survival, from four hours 
to seven days, of the animals of this group, which 
were submitted to a trauma of less intensity, 
and the lesser magnitude and depth of the cere- 
bral damage justify a separate description. As 
is graphically represented in table 2, onty 3 
animals showed evidence of fracture of the skull. 
At the site of impact the cerebral damage varied 
from a more or less extensive subarachnoid 
hemorrhage to contused laceration of the brain 
substance, involving at times several contiguous 
convolutions. Opposite the zone of impact evi- 
dence of contralateral injury was found in 4 
rats; in 2 animals the damage consisted of sub- 


2 other animals which lost consciousness after 
the trauma, did not regain it completely and 
died at the fourth and fifth hours respectively, 
showing pronounced congestion of the abdominal 
organs. In the remaining 3 animals the post- 
mortem observations did not offer any plausible 
explanation to account for the fatal outcome. 

Microscopic Ohsei'vations . — It was mainly on 
the brains of these 7 rats that the histologic study 
Avas focused. Changes in the nerve cells, axis- 
cylinders and myelin sheaths, which at times 
represented the only signs of local damage, less 
frequently accompanied by evidence of tissue 
edema, were revealed in the microscopic sections 
from all these apparently undamaged brains. 


Table 2. — Effects of Delayed Lethal Trauma 


Bat 

No. 

Time of 

Death Skull 

Postmortem Obs ervations— Brain 

Other 

Observations 

Site of Impact 

Contralateral Injury 



Moving Head Against Stationary Object 


72 




Congestion of abdominal organs 
Congestion of abdominal organs 

71 


Kot remarkable 


1 

15 hr 

Not remarkable 


22 

6 hr. Practure 

Contused laceration of occipito- 
temporal region 

Subarachnoid hemorrhage at base 


23 

4 hr. Practure 

Contused laceration of occipito- 
cerebellar region 

Subarachnoid hemorrhage at base 


30 

8 hr 

Not remarkable 


Pulmonary edema 

Pulmonary edema 

Pulmonary edema 

2 

24 hr 



11 

24 hr 

Subarachnoid hemorrhage 

Hemorrhages in pontobulbar re- 
gion 

0 

5 days 

Small area of softening In fron- 
tal region 

8 


Occipital subarachnoid hemor- 
rhage 


Hemorrhagic erosions in stomach 





Moving Object Against Stationary Head 


95 

4 hr. Practure 

Diffuse subarachnoid hemor- 
rhage 

Hemorrhages in pontobulbar re- 
gion 


78 


Diffuse subarachnoid hemor- 




rhage 



80 

3 days 

Not remarkable 



85 

5 days 

Not remarkable 



81 

6 days 

Occipitotemporal subarachnoid 
hemorrhage 


• 


arachnoid hemorrhage, while in 2 others a dis- 
semination of tiny hemorrhages was noticeable 
in the pons and the bulbar region. With respect 
tp the two mechanisms of trauma, no differences 
were noticed in the apparent effects with blows 
of equal intensity. 

In 7 of 15 animals, postmortem examination 
of tbe brain failed to reveal any change that 
could be detected rvith the naked eye. The 
examination of these animals was extended to 
large portions of the spinal cord, which also 
appeared grossly intact. In 2 of these rats acute 
bilateral pulmonary^ edema accounted, very likely, 
for the sudden death, which occurred at the 
eighth and the twenty-fourth hour after an appar- 
ently good recovery from a short period (five to 
ten minutes) of unconsciousness following the 
trauma. A condition of shock was suspected in 


Such changes were not diffuse but were focal in 
distribution, areas which appeared entirety nor- 
mal alternating in the same field with others 
displaying more or less severe disintegration of 
neurons. This disintegration could be followed 
in its progressive stages according to the period 
of survival of the animal. In the animals which 
died from the fourth to the eighth hour the cor- 
tical nerve cells here and there appeared swollen, 
Avith huge cytoplasmic vacuoles which had a ten- 
dency to aline themselves at the periphery of 
the cell bodies. The apical dendrites were thick- 
ened, either diffusely or in limited tracts, and 
tortuous, with curvatures of varying depths and 
with a corkscreAV twisting that contrasted sharply 
with the linear course of undamaged axis-cylin- 
ders nearby. Other cells showed absence of 
expansions (aneuritic cells), Avhereas still others 
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exhibited granular tracts which outlined the 
course of the disintegrated dendrites. Changes 
of the same type were seen in the medullated 
a.xons, which in some places displayed varicose 
swelling or fragmentation, with bizarre end bulbs 
of various sizes and occurring mostly as small 
balls or spirals. The changes in the axis-cylin- 
ders were accompanied by changes of corre- 
sponding severity in the myelin sheaths, which 
had a moniliform appearance, narrow segments 
alternating with fusiform or ovoid swellings of 
various sizes. Evidence of more advanced dis- 
integration of myelin was shown by the animals 
surviving the effects of the trauma longer — ^from 
nineteen hours to seven days. It consisted of 
conglomerates of fat droplets, which had a ten- 
dency to assume a linear distribution along the 
damaged axons. The latter appeared mostly as 
granular remnants with balls here and there, at 
times free and at times still attached to the ends 
of the degenerated portions of interrupted fibers. 
When the evidence of damage was most severe, 
bizarre-shaped scavenger cells, containing fat 
globules, were noticeable. 

CONCUSSIVE TRAUMA (MAXIMUM SUB- 
LETHAL trauma) 

Sixty-eight animals received a single blow on 
the head that made them unconscious for a period 
varying from ten seconds to fifteen minutes, 
followed by recovery. These 68 animals were 
divided into two groups, half being made to 
strike the moving head against the stationary 
object and the other half being struck on the 
stationary head by a force of exactly the same 
momentum. With blows of identical strengths, 
no differences were noted in the effects with the 
two mechanisms of trauma. 

Some of the animals were killed shortly after 
the trauma, from one hour to seventy-two hours, 
in order to detect any early organic changes. 
Others were kept under observation for two 
months and then killed. During this period the 
great majority of the animals did not reveal 
any evidence of abnormal psychomotor behavior. 
Only 4 rats showed decreased activity and pro- 
gressive loss of weight, estimated at the end of 
the experimental period to be about 30, 38, 42 
and 45 Gm. respectively. 

Microscopic Observations . — In all animals but 
1, in which petechial hemorrhages were found 
both in the pons and in the bulbar region, gross 
inspection of the brains, and even of the sections 
stained with hematoxylin and eosin, failed to 
reveal any demonstrable changes except for occa- 
sional vascular engorgement and doubtful signs 
of edema of the brain matter. Changes in nerve 
cells, axis-cylinders and medullar}’^ sheaths were 


seen, however, when the stains proper for the 
nerve tissue elements were applied. 

In the Cajal silver-stained preparations of the 
brains of animals killed one and two hours after 
the trauma, the apical dendrites appeared thick- 
ened, with a somewhat spiral course and at times 
a definite corkscrew shape (fig. AB). The cor- 
responding nerve cells in the Nissl preparations 
showed loss of clearness of cell outlines, swollen 
cytoplasm and tigrolysis, with displacement of the 
nucleus to the periphery of the cell body (fig. 
4 A). These changes were not diffuse, as groups 
of cells with evidence of damage alternated with 
others displaying normal cellular patterns and 
axis-cylinders pursuing their usual straight 
course. The same type of focal change was 
displayed by the medullated axons, some of which 
appeared poorly impregnated, varicose and 
swollen, in contrast to other axons which were 
overstained with the reduced silver (fig. 4C). 
Still other fibers showed twisting ; and when two 
or three of these twisted fibers lay close together, 
they gave rise to peculiar loops and spirals, to 
which corresponded a moniliform thickening or 
a fusiform swelling of variable size in the myelin- 
stained preparations (fig. 4D). 

More advanced myelin disintegration and 
neurolysis were noticeable in the animals killed 
from the fourth to the seventy-second hour. 
Conspicuous corkscrew twisting of the axis- 
cylinders was still recognizable in sparse areas, 
but more frequently in these animals the location 
of the axis-cylinders w^as indicated by irregular 
fragments, at times ending in blunt-tipped bulbs, 
and by tail-like rows of disappearing granules. 
The changes in the axis-cylinders corresponded 
fairly well, both in severity and in distribution, 
to those in the myelin sheaths. Individual myelin 
sheaths in the* process of disintegration appeared 
swollen, thickened and fragmented, with re- 
absorption in areas and resolution into round, 
oval or irregularly shaped fat globules. The fat 
globules lay for the most part free in the tissue; 
to a less extent they were contained within com- 
pound granular corpuscles. 

Of the animals killed after two months, none 
showed at postmortem e.xamination any grossly 
detectable evidence of the previous trauma. In 
the majority of the animals microscopic study of 
the sections also failed to reveal any significant 
change. Microscopic examination of the brain 
sections of the 4 rats which had shown decreased 
activity and progressive loss of weight after the 
trauma revealed, on the contrary, rarefaction of 
nerve cells in disseminated zones of the cerebral 
cortex and small areas of demyelination in ihe 
subcortical white matter, with almost complete 
obliteration of axis-cylinders and evidence of free 
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Fig. 4. — A, s\\elhng, tigrolysis and pericellular edema of cortical nerve cells in a rat (no. 4) killed one 
hour after a concussive blow of moderate intensity (immediate lethal trauma) — moving head struck against 
stationary object — which had made it unconscious for fi\e minutes and had left the skull and brain apparently 
intact. Nissl stain; ocular 6; objective 40. 

B, from a Cajal preparation at a level corresponding to that of A, showdng pronounced thickening, corkscrew 
twisting and occasional fragmentation of the apical dendrites. Ocular 4; objective 40. 

C, medullated a.vons in the white matter of the perithalamic region, showing flexuous aspect, overstaining 
and at times spiroid course and fragmentation. Cajal stain; ocular 4; objective 40. 

D, swelling, moniliform thickening and incipient breaking dowm of myelin sheaths in the same area of the 
brain A few fairly well preserved myelin sheaths are still recognizable in the field. Spielmeyer stain; ocu- 
lar 6, objecti\e 40. 
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balls in the corresponding areas. Tn the parts 
that were damaged there was hyperplasia of 
astrocytes, which did not seem to be accompanied 
with an appreciable increase of glial fibers. 

SINGLE SURCONCUSSIVE TR.\f:\rA 

The term snbeonenssive is here applied to a 
trauma of such minimal strength as. to be insufii- 
cient to cause loss of consciousness or any other 
apparent immediate or delayed effect in a nor- 
mal animal. Thirty rats, divided into two equal 
groups, were submitted to tliis trauma ; in one 
group the moving head was made to strike the 
stationar}- object and in the other the moving 
object stnick the fixed head. All animals were 
killed at intervals of from (me hour to forty days 
after the trauma, and none of them showed either 
gross or microscopic evidence cjf lesions. 

REPEATED SL'BCOXCUSSIVE TRAUMA 
AT LOKG INTERVALS 

Cumulative effects, as revealed by temporary 
loss of consciousness, at times followed by death 
or by persisting functional ' disorders,’" were 
shown with a certain frequency when a trauma 
of the same strength as the one tised in the 
previous experiment was repeated at intervals 
of from two to six days, with a total of fifteen 
blows delivered in a fifty day period. Xs shown 
in table 3. both groups of animals, the rats 
striking the moving head against the stationary 
object (A) and the rats with the stationary head 
struck b}' the falling hammer (B), showed evi- 
dence of ill effects under the increasing trauma, 
but the frequenc}’ differed in the two groups. 
Already at the third and the fourth blow, re- 
spectively, in the two groups a few animals began 
to lose consciousness, and their number increased 
steadily under the successive blows. At the end 
of the experiment 57 per cent of the animals of 
group A had been made unconscious; of these, 
7 per cent showed persisting functional disorders, 
and 17 per cent died as a direct consequence of 
the trauma. The incidence of ill effects was 
somewhat lower in the animals of group B, with 
only 40 per cent showing temporary loss of func- 
tion, none dying and 10 per cent showing per- 
sisting functional disorders, while the majority, 
60 per cent, went through the entire experimental 
period without displaying any immediate or late 
effects of the repeated trauma. 

In most instances, once the animal had begun 
to lose consciousness, concussive effects occurred 

17. The words “functional disorder" are used here in 
their proper sense, to indicate a “disorder of function 
of the brain.” They are not used in the common clinical 
sense, in which they often have a “psychogenic” conno- 
tation. 


with each successive blow. .A limited number 
r»f animals, however, which had been made un- 
conscious by a previous blow failed to reveal any 
immediate ill effects from the next blow, to be- 
come unconscious again at a later blow. 

The jxiriod of unconsciousness varied in the 
different animals each time from transient loss 
of the corneal refle.xes to a more extensive paral- 
ysis of functions, lasting from a few minutes up 
to one hour. There was no a])parent correlation 
between the number of blows and the duration 
of the state of unconsciousness. 

Of the symptoms of abnormal behavior occa- 
sionally developing as the result of the repeated 
trauma, the most apparent was an unusual stiff- 
ness in the posture of the animal, interrupted at 
times Iw spells of more or less generalized 
trembling. The animals responded slowly to all 
types of external stimulation and often refused 
to eat. the result being a rapid decrease in body 
weight. When made to walk, they showed un- 
steady gait and a somewhat uncertain equilibrium, 
and at intervals flopping of one leg. Later, dis- 
tinct dragging of the legs developed, with general 
slowing down of muscular movements. In gen- 
eral. once these symptoms had started, they 
showed a tendency to progress rapidly and then 
to remain stationar}', having reached a certain 
level (observations up to the one hundred and 
twentieth day). All animals affected in this way 
had been made unconscious in the course of the 
experiment, Xo definite correlation could be 
seen, however, between the duration of the loss 
of consciousness at the moment of impact and 
the symptoms of abnormal behavior developing 
later, as they were seen both in the animals 
which had shown immediate evidence of severe 
concussion and in animals in which the only sign 
of concussion had consisted in transient loss of 
corneal reflexes. 

IX CLOSE SUCCESSION 

In contrast to the animals of the previous 
experiment, which received the blows at long 
intervals, the animals in this experiment received 
the blows in close succession, one after another, 
at interv^als of approximately one minute. In 
this experiment, at the first evidence of con- 
cussion the animal was released, and in no case 
was the experimental period protracted beyond 
fifteen blows. As seen in table 4, a small number 
of animals in each of the two groups (A, the rats 
striking the moving head against the stationary 
object, and B, the rats with the fixed head struck 
by a moving object) were already unconscious 
at the end of the fifth blow, additional animals 
being made unconscious with the succeeding 
blows. At the end of the experimental period 
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73 per cent of the animals of group A had been 
made unconscious, in contrast to 40 per cent of 
group B. Most of the animals made uncon- 
scious under the repeated trauma showed a 


disorders developed, namely, in 13 and 10 per 
cent, respectively, of the two groups. These 
symptoms, which were fairly similar to those 
described in the previous experimental groups, 


Table 3. — Effects of Repeated Std)conciissive Trauma Given Tzvo to Sir Days Apart* 


Number <>£ Blows 


Persisting 


134 

135 

136 

137 
140 

142 
132 

44 

40 

143 


Eat , 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

-V functional 

Disorders 







A. 

Moving 

Head 

Against Stationary 

Object 





133 




U-5"t 



U-15'' 

—U-2' 

U-20" 

U-4' 

U-5' 

u- 10 " 

U-2' 

U-5' 

U-4' 

U-20' 

U-45' 


139 







U-2'' 

U-IO" 


U-8" 

U-I)ied at 24 

hours 







33 







U-IO' 

U-1' 

U-2' 

U-2' 

u-4' 

U-10' 

U-20' 

Procedure discontinued 


Began at 7th blow 

40 









U-2" 

U-5” 

U-2' 

U-T 

Died m 1 hour 







36 









U-4" 

U-2' 

U-Died in 1 hour 








41 









u- 2 '' 

U-3" 

U-3" 

U-lO' 

U-15' 

U-Died in 2 hours 




Began at 8th blow 

34 











U-3" 

U-2" 

U-1' 

U-2" 

U-10' 

U-4' 

— 

U-W 

U-18' 

U-00' 


27 











U-3" 

U-4" 

U-5" 

U-10' 

U-20" 

U-5' 

U-4' 

U-3' 

U-12' 

U-30' 


86 












U-'l' 








32 















U-3' 

U-7' 

U-15' 

U-8' 

U-20' 

U-5' 

U-2' 

U-10' 


38 















U-5" 

U-3" 

U-1' 

— 

U-4' 

U-7' 

U-5' 

U-12' 


29 
















U-2" 

U-2' 

U-3' 

U-7' 

— 

U-10' 

U-5' 


39 

















— 

U-2' 

U-1' 

— 

U-3' 

D-5' 

U-0' 


31 
















— 

U-3' 

— 

— 

U-0' 

U-4' 

U-8' 


131 

















— 

U-8' 

U-2' 

U-5' 

U-40" 

P-7' 

U-10' 


141 

— 














— 

— 

— 

— 


U-10' 

U-60' 


133 
















— 

— 

— 

— 

— 

— 

U-5' 


42 

— 











— 



Procedure discontinued 




Control 

37 

— 

— 

— 

_ 

— 

— 

— 

— 

— 

— * 

Procedure discontinued 


Control 


No immediate or delayed effects (15 blows) 


B. Moving OtJjcct Against Stationary Hoad 


168 

_ 

_ 

_ 

U-5' 

U-3' 


D-10" 

U-5' 

U-20" 

U-6' 

Procedure discontinued 


Began at nth blow 

89 



_ 



U-5" 


— 


D-10" 

D-5' 

D-20' 

Procedure discontinued 


Began at 9th blow 

91 



— 



D-5" 



— 

U-1' 

D-2' 

U-10' 

— 

D-30" 

U-5' 

U-3' 

U-12' 

171 



— 





D-5" 



U-2' 

D-5' 

U-30" 

U-10' 

— 


D-1' 

U-15' 

U-13' 


177 






U-10" 

U-2' 



D-10' 

U-15' 

U-5' 

— 

U-20" 

D-2' 

U-30" 

U-6' 


184 








— 





U-10" 

D-50" 

U-15' 

U-3' 



U-7' 

D-2' 

U-5' 


186 



. 



— 

. — 

— 



D-20" 

D-1' 

D-5' 

U-2' 

U-4' 

U-1' 

D-10' 

U-20' 

Began at lOth blow 

88 














U-3" 

D-5' 

U-00' 

Procedure discontinued 


163 



— 









— 


D-10" 

U-5' 

U-40" 

U-2' 

U-5' 

— 

D-IO' 


164 














U-15" 

U-20' 

— 

U-4' 

U-0' 

U-SO" 

U-S' 


182 











— 

— 


— 

— 

— 

D-20" 

— 

u-2' 

D-3' 


173 





— 



— 

— 

— 


— 

— 

— 

— 

— 

U-5' 

D-9' 


90 

— 







— 

— 

— 


— 

— 

Procedure discontinued 


Control 

87 


— 

— 

— 

— 

— 

— 


— 

— 

Procedure discontinued 


Control 


86 

165 

166 
167 

169 

170 
172 

174 

175 

176 

178 

179 

180 
181 
•183 
1S5 J 


i No immediate or delayed effects (15 blows) 


O. The Two Mechanisms of Trauma 


Animals Which Were Made Unconscious, Had Persisting Fimctional Pisorders or Died, with the Two Mechanisms of Trauma 




Persisting 

Death 




Functional 

(Within 

No Apparent 

Procedure 

Unconsciousness 

Disorders 

29 Days) 

Effects 

Moving head, stationary object 


7% 

17% 

43% 

Moving object, stationary head 


10% 

0 

60% 


* In this table, and in table 4, the data for the blow employed were as follows: mass, 453.6 Gm.; velocity, 330,9 cm. per sec- 
ond; kinetic energy, 1.83. 

t U indicates unconsciousness, measured in seconds or minutes. 


prompt and apparently complete recovery ; a few 
fatalities occurred, however, in both groups of 
animals, with an incidence of 17 per cent in 
group A and of 7 per cent in group B, while in 
a few others persisting symptoms of functional 


appeared shortly after the trauma in some ani- 
mals and several days or weeks later in other 
animals. All animals displaying persisting evi- 
dence of abnormal behavior had received d large 
number of blows. This was true, for instance, 
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Tahi-e 4. — Effects of Subcoitcussivc Trauma, 
Repeated iu Close Succession 


Immediate and 
l.ntc RosnUs 


No. No. 

Blows Animals 

Total 

A. Moving 

Head Against Stationary 

Object 

Uncon.‘-cionsnc.=s.. . . 

1 

r 1 - .5 s 1 

C-IO s 

1 n-ir. 11 j 

1 

k 

OO 

(73%) 


Late functional disorders 

4 

(13%) 


Dcatli (nitliin 29 days). 


o 

(ir-Tc) 

No apparent effects 




s 

(27%) 





B. Moving 

Ol'jcct .Against Stationary 

Head 

Unconsciousness 


r i-r, 2 1 

\ (-10 K 

1 11-ir. 7 j 


12 

(■ 10 %) 


Late functional disorders 

»» 

(10%) 


Death (within 29 days). 

. . . 

2 

(7%) 

No apparent effi'cts 




18 

(C9%) 






Fig. 5. — Locomotor disorders in 2 rats, as they ap- 
peared ten days after the trauma. Rat 51 had received 
thirteen subconcussive blows in close succession (mov- 
ing head struck against, stationary object) and was 
unconscious for about ten minutes. Rat 54 received 
fifteen subconcussive blows in close succession (moving 
object striking against stationary head) and was uncon- 
scious for a few seconds. Evidence of psychomotor 
disorders developed in both animals a few days after 
the trauma. 

of the 2 rats, 51 and 54, shown in figure 5, which 
received thirteen and fourteen blows, respectively 
— rat 51 by the procedure of striking the moving 
head against the stationary object and rat 54 by 
the procedure of the moving object striking the 
stationary head. Rat 51 was unconscious for 
about ten minutes; rat 54, for a few seconds. 
Both began to show unsteady gait and general 
slowing down of muscular movements a few 
days after the trauma. One died at the twenty- 
ninth day of the experiment, and the other was 
killed at the thirty-fifth day because it was ex- 
tremely emaciated and unable to eat. The symp- 
toms presented by these 2 animals, and by the 
others similarly affected, are suggestive of the 
symptoms described in human beings as among 
the late results of repeated head injuries appar- 
ently of a minor type (Martland ; the com- 
parison, however, for obvious reasons, cannot be 
pursued further. 


The efifects of repeated subconcussive blows 
in close succession — one minute apart — and at 
intervals of two to six days, under the two mecha- 
nisms of trauma are compared in table 5. With 

Table 5. — Comparative Effects of Repeated Subcon- 
eusshe Bloivs Delivered in Close Succession and at 
Intervals According to the Tzuo Mechanisms of 
Trauma, as Shozm by the Percentage of Ani- 
mals Which Were Made Unconscious, Showed 
Persisting Functional Disorders or Died 
(Within Tzuenty-Ninc Days) 


Persisting Death Ko 
I'ncon- Punctionnl (Within Apparest 
Procothirc sciousness Disorders 29 Days) Effects 


A. Moving Head Against Stationary Object 


Blows repeated in 
close succession 

73% 13% 

17% 

27% 

Blows repo.ated at 
intervals (2-C days).. 

57% 7% 

17% 

43% 

B. Moving 

Object Against Stationary Head 


Blows repeated in 
close succession 

40% 10% 

7% 

60% 

Blows repealed at 
intervals (2-C days).. 

40% . 10% 

0 

60% 



Fig. 6. — Gross appearance of the brains of 2 animals 
(rats 51 and 54) which had displayed pronounced psy- 
chomotor disorders during life, as shown and described 
in figure 5. No evidence of abnormality is seen in 
either brain. 


respect to the interval between blows no remark- 
able differences are seen in the group of animals 
struck by the moving object on the stationary 
head. With the other mechanism of trauma, 
the animals which had received the blows in 
close succession showed a higher incidence of 
unconsciousness than the animals which had re- 
ceived the repeated trauma at longer intervals. 
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Postmortem Observations . — In an investiga- 
tion of a possible relation between the symp- 
toms presented by the animals during life and 
the postmortem changes, the question arises 
whether the animals that stood the repeated 
trauma, given either at long intervals or in close 
succession, without showing any apparent imme- 
diate or late ill effects suffered an amount of 
damage different from that exhibited by the 
animals which were made unconscious, once or 
repeatedly, or which displayed any other evidence 
of post-traumatic functional disorders. 



Fig. 7. — A, lateral view of the brain of rat 47, show- 
ing two punctate hemorrhages in the right temporal 
lobe. This animal was unconscious for five minutes 
after receiving fifteen blows in close succession (mov- 
ing head struck against stationary object) and died 
twenty-four hours later, of acute generalized pulmonary 
edema. The skull was intact. 

B, horizontal section of the brain of rat 46, revealing 
dissemination of tiny petechial hemorrhages of the ring 
type both in the cortex and in the white matter. This 
animal was unconscious for twenty minutes after re- 
ceiving fifteen blows in close succession (moving head 
struck against stationary object) and died forty-eight 
hours later. The skull was intact. 

In order to investigate as far as possible even- 
tual correlations between disorders of function 
and histologic changes, when an animal which 
had shown such disorders died or was killed 
another animal apparently unaffected by trauma 
of identical type, intensity and frequency was 
killed at the same time, and the histofogic sec- 
tions of the brains of the 2 animals were closely 
compared at corresponding levels. As far as 
could be judged from the material examined, in 
most of the animals there was a certain relation 
between the response to the trauma during life 
and the amount of cerebral damage, as the latter 


appeared to be least severe in the animals whidi 
were clinically unaffected and became progres- 
sively more severe as the animals were made 
unconscious repeatedly, manifested persisting 
functional disorders or died as the result of the 
repeated trauma. 

In the great majority of the animals post- 
mortem examination did not reveal any devia- 
tion from the normal that could be detected with 
the naked eye. This is true, for instance, of the 
2 brains represented in figure 6, from rats 51 
and 54, which had displayed conspicuous psycho- 
motor disorders during life. Gross evidence of 
injury to the brain, however, was seen in a few 
animals — in 7 of 120 animals submitted to the 
repeated trauma. In 1 animal, rat 46 (fig. 7), 
which was unconscious for about twenty minutes 
after receiving fifteen blows in close succession 
and died four days later, after an apparently 
good recovery, dissemination of petechial hemor- 
rhages of the ring type, both in the cortex and 
in the white matter, was noted on horizontal 



Fig. 8. — A. superior view oi the brain of rat 92, 
showing extensive subarachnoid hemorrhages in the 
temporoparietal regions of both hemispheres, in the 
cerebellum and in the brain stem. The animal was 
unconscious for about one hour after receiving nine 
subconcussive blows in close succession on the sta- 
tionary head and died seven days later. There was 
no evidence of fracture of the skull. 

B, superior view of the brain of rat 94, showing a 
thin layer of clotted blood between the cerebellum and 
the meninges. This animal was made unconscious by 
fifteen blows in close succession on the stationary head 
and died four days later. The skull was intact. 

section of the brain, the bleeding points being 
most numerous in the white substance; there 
were concomitant hemorrhagic erosions in the 



Fig. 9. — A, subarachnoid hemorrhage encroaching on the tip of the right frontal lobe. There was no evi- 
dence of skull fracture. The animal, rat 41, received ten subconcussive blows at long intervals (moving head 
struck against stationary object) and was repeatedly made unconscious from the fifth to the tenth blow. After the 
last blow the rat did not regain consciousness and died twenty-four hours later. Starting at the eighth blow 
it showed persisting slight psychomotor disorders. Ocular 4; objective 10. 

B, recent hemorrhagic e.xtravasations in the cortex of the occipital region of rat 27, which had received 
fifteen subconcussive blows at long intervals and was repeatedly made' unconscious, starting at the sixth blow ; 
it was killed two hours after the last blow. No evidence of fracture of the skull was found. Ocular 4; objective 10. 

C, small hemorrhagic effusions in the white matter of the cerebellum. The animal, rat 38, had been made repeat- 
edly unconscious by subconcussive blows at long intervals (moving head struck against stationary object) and 
was killed twenty-four hours after the last blow. The skull was intact. Ocular 4; objective 10. 
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gastric mucosa in this animal. In another animal, 
rat 47 (fig. 7), which had a history like that of 
the preceding animal but died in twent3'-four 
hours, of acute generalized pulmonary edema, 
two punctate hemorrhages were noted in the 
right temporal lobe. In a third animal, rat 92 
(fig. 8), which was unconscious for about one 
hour after receiAung nine blows in close suc- 
cession and died se\^en days later, extensiA-e sub- 
arachnoid hemorrhages Avere seen in the tem- 
poroparietal region of both hemispheres, in the 
cerebellum and in the brain stem, AA'ith slight 
hemorrhagic inAmh^ement of the cerebral cortex. 
A fourth animal, rat 94 (fig. 8), made uncon- 
scious by fifteen bloAA^s in close succession, 
reA’ealed at its death, four days later, a thin 
layer of clotted blood betAA'een the cerebellum 
and the meninges. 

Hemorrhagic changes, of less extent, AA'ere seen 
in 3 other rats AAdiich had repeatedly been made 
unconscious by seA^eral bloAA's delivered at inter- 
A^als of tAvo to six days (table 3). In 1 animal, 
rat 41 (fig. 9 A), the significant changes con- 
sisted of a subarachnoid hemorrhage encroaching 
on the olfactor}’ lobes and the tips of the frontal 
lobes; in another, rat 38 (fig. 9 C), small hemor- 
rhagic effusions Avere seen deeply embedded in 
the cerebellar white matter. In a third, rat 27 
(fig. 9 B), several collections of recently extraA^a- 
sated red blood cells Avere seen in the cortex of 
the cerebral hemispheres. 

Microscopic Obsc'rvations. — The hemorrhages 
in these animals certainly constituted the most 
obvious evidence of lesion, but they did not indi- 
cate that the damage had been restricted to these 
areas ; in fact, other parts, apparently undamaged, 
of the same injured brains, Avhen examined Avith 
specific methods, showed eAudence of more ex- 
tensiA^e organic damage, involving, in a dissemi- 
nated fashion, both nerve cells and nerve fibers. 
This appeared to be true, also, for other animals, 
in Avhich, unexpectedly, properly stained sec- 
tions revealed damage the existence of Avhich 
could hardly be suspected on gross inspection of 
the brains, and CA^en on examination of the sec- 
tions routinely stained Avith hematoxylin and 
eosim 

In the rats Avhich had received the repeated 
bloAvs in close succession the evidence of neuronal 
damage Avas found to be at the same stage in the 
different areas of the brain of the same animal 
(figs. 10, 11, 12 and 14). Progressive stages of 
a fundamentally similar neuronal injury Avere 
seen, on the contrarj^ in different areas of the 
same brain in the animals submitted to the trauma 
at longer interv'als, suggesting cumulation of 
damage Avith each successiA'e bloAv (fig. 13). 


Of these changes of microscopic dimensions, 
the most apparent Avas rarefaction of the nen'e 
cells of the cerebral cortex. This rarefaction Avas 
not diffuse, as areas shdAving normal stratifica- 
tion and density of nerve cells alternated Avith 
other areas exhibiting obscuring of stratification 
and diminution of neurons, affecting especially 
the pyramidal cells. ElseAAdiere the nerve cells 
seemed to be undergoing some form of gradual 
atrophy^ with shrinkage of the cell bodies, Avhicli 
stained deeply and shoAved absence of expansions 
(aneuritic cells). Other cells exhibited dimin- 
ished clearness of the cell outlines, Avith tigrolysis, 
or glassy cytoplasm, or Avith huge cytoplasmic 
A'acuoles, Avhich displaced the nucleus to the 
periphery of the cell body. Around these dam- 
aged elements groups of glia cells AA’ere noticeable 
at times. 

With corresponding distribution, the apical 
dendrites appeared thickened, Avith a someAvhat 
spiral course and at times a definite corkscreAV 
shape. Some of these apical dendrites Avere 
poorly impregnated ; others Avere overstained 
Avith the I’educed silver. Pale and deeply stained 
segments often alternated in the same fiber. 
More advanced neurolytic changes Avere notice- 
able in other areas of the same brains, in which 
the situation of the apical dendrites AA'as indicated 
by only a feAV fragments and by tail-like roAvs of 
disappearing granules. The focal distribution of 
these changes resulted in an irregular alternation 
in the same microscopic field of apical dendrites 
apparently intact and of other dendrites revealing 
all stages of a progressive neuroljffic process. 

The same type of focal change Avas shoAvn by 
the medullated axons, Avhich in scattered areas 
displayed varicose SAvelling and corkscreAV tAvist- 
ing, Avith formation of peculiar loops and spirals. 
Other fibers revealed evidence of fragmentation, 
Avith dustlike granules and balls here and there, 
mostly free but occasionally still hanging to the 
ends of the degenerated portions of interrupted 
fibers. 

Changes of corresponding severity Avere dis- 
played by the myelin sheaths, some of which 
showed fusiform or OAmid swelling, resulting in 
a moniliform appearance, Avhich contrasted sharp- 
ly with the straight linear course of nearby un- 
damaged sheaths ; other sheaths appeared to be 
under incipient reabsorption, with resolution into 
round, oval or irregularl)^ shaped globules. Dis- 
seminated areas of complete demyelination were 
occasionally seen; and Avhere demyelination and 
breaking doAvn of axons Avere still continuing, 
there Avas a quantitative increase of microglia 
cells, with all stages of transformation into rod 
cells, various bizarre-shaped scavenger cells and. 
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Fig. 10. — A, swelling, vacuolation and pericellular edema of nerve cells in the cortex of the frontal lobes of 
rat 99, which was unconscious for five minutes after receiving eleven subconcussive blows in close succession 

(moving head struck against stationary object). Three hours later, when the animal was killed, the skull, brain 

and cerebral involucres were apparently intact. NissI stain; ocular 6; objective 40. 

B, from a section at the same level as that from which A was taken, showing thickening, spiroid course 

and, at times, corkscrew twisting of the apical dendrites. Cajal stain; ocular 6; objective 40. 

C, bundle of medullated axons in the right frontothalamic tract of rat 99, showing swelling, twisting, spiroid 
course and fragmentation of nerve fibers and overstaining nerve fibers with the reduced silver (preservation 
necrosis). Cajal stain; ocular 4; objective 40. 

D, individual myelin sheaths from a Section at the same level as that from which ' C was taken, showing 
moniliform swelling and fragmentation, with reabsorp.ion in areas and resolution into round, oval or irregu- 
larly shaped globules. Spielmeyer stain; ocular 6; objective 40. 
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Fig 11. — A, {rom the brain of rat 75, which received the same treatment as rat 99, eleven subconcussive 

blows in close succession, but with the other mechanism of trauma — moving object striking against the sta- 
tionary head. At the last blow the animal was unconscious for four minutes, and it was killed three hours 

later. The Nissl preparation showed tigrolysis and pronounced pericellular edema of cortical nerve cells. 

Ocular 6; objective 40. 

B, a bundle of medullated axons in the floor of the fourth ventricle of ^rat 75, displaying nerve fibers which 

are spread apart, fragmented and undergoing incipient granular disintegration. Evidence of mobilization of 

microglia cells is already noticeable in the damaged area. Ocular 6; objective 10. 

C, from the field shown in B, higher magnification, showing the marked twisting and spreading apart of 

nerve fibers, with formation of bizarre-shaped loops and spirals. Cajal stain; ocular 6; objective 40. 

D, myelin preparation of a section at a corresponding level, showing conspicuous varicose swelling and 
disintegration of myelin sheaths, with formation of ellipsoids and fat droplets. Spielmeyer stain; ocular 6; 
objccti\e 40. 
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Fig. 12. — From the brain of an animal, rat 101, apparently unaffected by trauma of a severity approxi- 
mately corresponding to that received by rats 99 and 75 — fifteen blows in close succession, with the moving 
head struck against a stationary object. The rat was killed three hours later. The straight and regular course 
of the axis-cylinders iA, Cajal stain) ; the compactness of the bundles of nerve fibers, which appear to be 
homogeneously stained (B, Cajal stain), and the linear arrangement and uniform thickening of the myelin 
sheaths (C, Spielmeyer stain) are in sharp contrast to the corresponding damaged structures of rats 99 and 
75. Ocular 4; objective 40. 
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Fig. 13. — A^ tigrolysis, swelling and pericellular edema of cortical nerve cells, from the brain of an animal, 
rat 35, which received eight subconcussive blows at long intervals — with the moving head struck against the 
stationary object — and was made unconscious at the seventh and eighth blows. At death, twenty-four hours 
later, the skull, brain and cerebral involucres were apparently intact. Nissl stain; ocular 6; objective 40. 

B, from a Cajal preparation taken at a level corresponding to that from which A was taken, showing 
absence of expansions of the nerve cells (aneuritic cells), corkscrew twisting and fragmentation of the axons and 
tail-like rows of disappearing granules. Ocular 6; objective 40. 

C, from a section at the level of the pons of rat 35, showing twisting and fragmentation of fibers, with 
formation of bizarre-shaped loops and spirals. The fusiform swelling at the ends of the degenerated portions 
of the interrupted fibers is clearly seen. Cajal stain; ocular 6; objective 40. 

D, myelin swelling at the ends of the degenerated portions of fragmented fibers, from a section obtained 
at a level corresponding to that from which C was taken and stained for myelin by the Spielmeyer method. Ocu- 
lar 4; objective 40. 



Fig. 14 (rat 54). — A, obscuring of stratification, shrinkage and pyknosis of nerve cells of the cortex (occip- 
ital lobe) in a rat which after the trauma had shown marked psychomotor disorders (figs. S and 6). The 
animal was unconscious for a few seconds after receiving fourteen subconcussive blows in close succession on 
the stationary head and died twenty-nine days later. The skull, brain and meninges did not reveal any abnor- 
malities post mortem. Nissl stain; ocular 4; objective 10. 

B, remnants of medullated axons, showing fusiform swelling and typical bulbs of retraction at the ends of 
degenerated portions of fragmented fibers. Cajal stain; ocular 6; objective 10. 

C, myelin swelling, resulting in clublike formations at the ends of fragmented fibers, from a section taken 
at a level corresponding to that of B. Spielmeyer stain; ocular 6; objective 40. 

D, from another area of the brain of the same rat, showing extensive reabsorption of myelin and resolution 
into round, oval or irregularly shaped globules. Spielmeye'r stain; ocular 4; objective 40. 

E, fat globules, for the most part free and to a less extent contained within compound granular corpuscles 
in a preparation taken at approximately the same level as that shown in C and stained with oil red O. 
Ocular 4; objective 40. 

F, hyperplasia of astrocytes, not accompanied with any appreciable increase of glia fibers, in a damaged 
area of the perithalamic region of the brain of the same rat. At the center of the picture a ball-like forma- 
tion hanging at the end of a fragment of nerve fiber is recognizable. Cajal stain; ocular 6; objective 40. 
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ultiinatel}', into round, vacuolated cells, with small 
dark nuclei and cytoplasm loaded with fat glob- 
ules. Evidence of glia reaction in the parts that 
were damaged was encountered at times, but the 
hyperplasia of the astrocytes was not accom- 
panied, in most cases, with any appreciable in- 
crease of glial fibers. 

COMMENT AND CONCLUSIONS 

Rats recovering from a temporary period of 
unconsciousness, varying from ten seconds to 
fifteen minutes, following a single blunt impact 
on the head which had left the skull and brain 
apparently intact on gross inspection, consistently 
revealed widespread microscopic evidence of 
neuronal injury, affecting in a disseminated 
fashion both nerve cells and nerve fibers. 

These findings suggest that concussion may be 
due. to neuronal injury detectable with present 
histologic methods. Nothing more definite can 
be claimed, however, since one cannot rule out 
the possibility that these changes are secondary 
to other factors primarily' involved in the 
phenomenon of concussion. 

Evidence of neuronal damage was noticed as 
early as one to two hours after the trauma, and 
in a few animals the lesions were seen to persist 
as long as two months after the trauma. Of the 
residual changes, the presence of free balls in 
areas showing obliteration of neurons was the 
most apparent. This is in agreement with the 
observations of Penfield,’® and with those of 
Rand and Courville,'® who noted these altera- 
tions in traumatized brains months or years after 
the accident. 

The part that these residual changes might 
play in the development and in the persistence of 
late-appearing functional disorders necessarily 
depends on the location and extent of the neurons 
involved and on the possibility of a redistribution 
of impulses through undamaged pathways. 

In an attempt to analyze the possible factors 
which could account for these neuronal changes, 
it becomes apparent that nerve cells and nerve 
fibers may be affected in a number of ways after 
mechanical violence to the head. Cerebral edema, 
cortical and subcortical hemorrhage, so much 
emphasized by other investigators in interpreting 
changes in neurons, not only in contused areas 
but in remote and otherwise undamaged portions 
of the brain (Green field, Schwartz and Fink 
were rarely encountered in my material. In the 

18. Penfield, W. ; Cerebral Cortex in Man : Cere- 
bral Cortex and Consciousness (Harvey Lecture), 
Arch. Neurol. & Psychiat. 40:417 (Sept.) 1938. 


light of old and recent observations, the influence 
of “shear strains” must be considered. Ramon y 
Cajal emphasized the susceptibility of the 
neurons of young experimental animals to the 
effects of minimal amounts of trauma. Rand 
and Courville,^® in human material, suggested the 
possibility of rupture of nerve fibers as the result 
of the “shock of the injury.” Greenfield “ 
pointed out the facility with which the single 
anatomic units of the brain and their connecting 
pathways, as well as the whole brain in relation 
to the skull, may be distorted, stretched or torn 
whenever the brain is made to alter its shape. 
Forces connected with acceleration, according to 
Denny-Brown and Russell, and forces connected 
with rotation of the brain within the skull, ac- 
cording to Holbourn,^“ are likely to produce an 
amount of cerebral damage greater than that 
produced when distortion of the skull is the 
principal effect of the impact. 

Concussive effects following a single blow were 
obtained consistently' in the present experiments, 
a trauma of the same momentum being used with 
each mechanism, one of which involved forces of 
acceleration mainly and the other forces of distor- 
tion, and neuronal damage of approximately the 
same type, magnitude and depth was observed in 
all animals. As my experimental procedures are 
different from those used by Holbourn and 
by Denny-Brown and Russell,^ tbe results of 
these authors cannot be compared directly with 
mine in this respect. 

On the other hand, the results of my' experi- 
ments are in agreement with the conclusions 
reached by Denny-Brown and Russell in regard 
to a “threshold value” in the mechanism of con- 
cussion, as concussive effects after a single blow 
could be obtained with consistent frequency once 
the strength of the trauma had reached a certain 
level, as determined in the preliminary experi- 
ments. This may indicate that a certain basic 
amount of damage is necessary for the production 
of the phenomenon of concussion. 

If this concept is true, the appearance of ill 
effects as a result of repeated trauma of minimal 
intensity might be explained on the basis of 
cumulated neuronal damage, until the “threshold 
value” is reached and functional disorders be- 
come apparent. Evidence in support of this con- 
cept was clearly found in my material, as rats 

19. Ramon y Cajal, S.: Degeneration and Regenera- 
tion of the Nervous System, translated by R. AI. May, 
London, Oxford University Press, 1928, vol. 2. 

20. Holbourn, A. H. S.; Alechanics of Head Injuries. 
Lancet 2:438 (Oct. 9) 1943. 
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siibniitlcd to repeated blunt impacts on the bead 
the strength of each of u'bicb alone was not suf- 
ficient to barm the animal, after a certain number 
of blows began to reveal ill effects, as shown by 
unconsciousness, with or without recovery, and 
at times by persisting functional disorders or by 
delayed death. 

When the repeated subconcussive blows were 
delivered in a short period, there was a some- 
what higher incidence of ill effects than when the 
trauma was delivered at longer intervals. An 
explanation of this might be found in the recovery 
of reversible lesions and in the redistribution of 
impulses through undamaged nerve pathways in 
the longer intervals between the blows. 

In the great majority of animals there was a 
certain correspondence between the response to 
the repeated trauma during life and the amount 
and extent of cerebral damage, as the latter ap- 
peared to be minimal in the animals clinically 
unaffected and became progressive!}' more severe 
in the animals which were made repeatedly uncon- 
scious or manifested persisting functional dis- 
orders as the result of the repeated trauma. In 
these animals, also, no remarkable differences 
were noticed in the apparent effects under the 
two mechanisms of trauma. 

Among the postmortem changes, punctate 
hemorrhages or other types of hemorrhagic 
change were extremely rare in this material. I 
am unable therefore to confirm the observation 
of Shaller, Tamaki and Newman ^ of an apparent 
increase in vulnerability of the cerebral vessels 
induced by the application of repeated blows. 
Evidence of neurolytic changes, accompanied by 
loss of myelin and, in the later stages, by glial 
proliferation, was, on the contrary, consistently 
encountered in my animals. 

Assuming that the normal function of the 
brain is dependent on two factors — the initiation 
of impulses within the nerve cells and their trans- 
mission through the complicated network of nerve 
fibers — my results point strongly to the possibili- 
ty of permanent functional disorders, such as 
those seen in some of the animals, following re- 
peated blows on the head apparently of moderate 
intensity, the disorders being due not only to a 
deleterious effect on the nerve cells but to the 
interruption of nerve impulses consequent to the 
changes in the nerve fibers. 

SUMMARY 

Rats submitted to repeated blunt impacts on 
the head the strength of each of which alone was 
not sufficient to harm the animal (subconcussive 


trauma) began to reveal ill effects after a certain 
number of blows, as shown by unconsciousness, 
with or without recovery, at times by other, 
persisting functional disorders and later even by 
death. When the repeated subconcussive blows 
were delivered in a short period — one impact 
after another, one minute apart — there was a 
somewhat higher incidence of ill effects than 
when the trauma was delivered at longer inter- 
vals — from two to six days apart. No remark- 
able differences were noticed in the effects when, 
with a trauma of the same strength, the head in 
rapidly accelerated motion was made to strike a 
stationary object and when a moving object was 
made to strike the fixed head of the animal. In 
the great majority of animals there was a certain 
correspondence between the response to the re- 
peated trauma during life and the amount and 
extent of cerebral damage. Among the postmor- 
tem changes, hemorrhage or any other type of 
change detectable on gross inspection was ex- 
tremely rare. On the contrary, widespread evi- 
dence of neuronal injury, affecting in a dissemi- 
nated fashion both nerve cells and nerve fibers, 
accompanied with loss of myelin and, in the later 
stages, with glial proliferation, was a consistent 
microscopic observation. 

A neuronal injury identical in type was found 
in collateral experiments in animals recover- 
ing from a temporary period of unconscious- 
ness following a single blow on the head which 
had left the skull and brain grossly intact. Micro- 
scopic evidence of neuronal damage was noticed 
in these animals as early as one to two hours after 
the trauma, and in a few instances the lesions 
were seen to persist as late as two months after 
the trauma. These observations suggest that con- 
cussion may be due to neuronal injury detectable 
with the present histologic methods. With the 
production of concussion by a single blow, no 
pronounced differences were noted in the effects 
when the impact was delivered on the stationary 
head and when it was delivered on the head in 
rapidly accelerated motion, with a trauma of 
the same momentum. 

Note: This paper was already in course of 
publication when two important experimental 
studies on head trauma came to my attention. 

In one, by Gurdjian and Webster,^! it is con- 
cluded ; 

Higher velocities were required to produce [in dogs] 
pathophysiologic effects under the circumstances of the 

21. Gurdjian, E. S., and Webster, J. E.: Experi- 
mental Head Injury with Special Reference to the 
Mechanical Factors in Acute Trauma, Surg., Gynec & 
Obst. 76:623 (May) 1943. 
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nonfixed head than the fixed head. . . . However, 
a greater degree of mass movements of the brain may 
occur under conditions of a nonfixed head. 

In the other, AAh'ndle, Groat and Fox found 
definite neurologic changes accompanied by a 
variable amount of swelling of the sheaths of the 
nerve fibers in guinea pigs struck on the head 

22. Windle, W. F. ; Groat, R. A., and Fox, C. A.: 
Experimental Structural Alterations in the Brain During 
and After Concussion, Surg., Gynec. & Obst. 79:561 
(Dec.) 1944. 


once or repeatedly. In agreement with my own 
observations, the amount of damage they found 
was proportionate to the strength and number 
of blows; and in a limited number of animals, 
while a single subconcussive blow was ineffective, 
two subconcussive blows produced as much dam- 
age. as a single light concussive blow. Hence 
their conclusion that “these histological changes 
do serve as visible indicators of the ravages of a 
concussional force.” 


Medficld State Hospital. 



STUDIES OF THE SENSATION OF VIBRATION 

III. EVIDENCE FOR CORTICAL AREAS IN INHIBITION AND MEDIATION OF TICKLE 


G. K. YACORZYNSKI, Ph.D., and LOYAL DAVIS, M.D. 

CHICAGO 


In experiments on the functions of the frontal 
lobe, we performed a number of different exami- 
nations/ among which was the determination of 
the vibratory threshold. Of 3 patients with 
lesions of the right frontal lobe who were ex- 
amined. the results for 1 lead us to conclude that 
two areas are present in the cortex in the media- 
tion of tickle: One area is the primary tickle 
center, and the other area inhibits this center. 
This peculiarity of the functions of the cortical 
areas involved in the perception of tickle, and 
the belief that tickle is not a pure sensation but is 
produced by a combination of sensory qualities, 
such as touch and pain," with the consequent rare 
examination of the patient with neurologic lesions 
for tickle, largely account for the fact that the 
areas for tickle have not been discovered before. 

REPORT OF A CASE 

An American-born woman, predominantly right 
handed, was operated on twice for a tumor of the 
right frontal lobe. On Jan. 18, 1940, at the age of 37, 
she was first admitted to the hospital, with a history 
of convulsions, dizziness, vomiting, diminution of vision 
and slowing of mental processes. These symptoms had 
increased in severity for six months preceding her 
admission to the hospital. Examination showed bilat- 
eral loss of vision and slight paresis of the muscles 
of the left side of the face, the right palpebral fissure 
being wider than the left. A ventriculogram confirmed 
the diagnosis of tumor of the right frontal lobe. 
Operation was performed on January 24, and a cystic 
tumor (later determined to be a protoplasmic astro- 
cytoma) was removed. The mass of tissue extirpated 
weighed 106 Gm. The area of the tissue removed in 
this patient (6) is shown diagrammatically in figure 1. 
This figure also shows the areas of the extirpated 
tissue in 2 other patients {1 and 4 ) with lesions of 
the right frontal lobe whose vibratory thresholds were 
determined, and a diagram indicating the overlapping 

From the Department of Nervous and ^vlental Dis- 
eases and the Department of Surgery, Northwestern 
University Medical School. 

1. Yacorzynski, G. K., and Davis, L. ; Modification 
of Perceptual Responses in Patients with Unilateral 
Lesions of the Frontal Lobes, Tr. Am. Neurol. A. 68: 
122, 1942; An Experimental Study of the Functions 
of the Frontal Lobes in Man, Psychosom. Med. 7:97, 
1945. 

2. Since, to the best evidence, tickle is not a simple 
sensation but is produced by a combination of sensory 
qualities, it is only logical that this response be classi- 
fied as a perception rather than a sensation. 


of the areas of the lesions of the last 2 patients with 
the area of extirpation in the first patient. 

The patient’s recovery was uneventful, and no neu- 
rologic d 3 ’’sfunction was present except the loss of 
vision. She was able to perceive bright lights and 
movement but could not perceive any details. Her 
postoperative intelligence quotient for the verbal part 
of the Wechsler-Beilevue test was 116. She began to 
study Braille and made other adequate adjustments to 
her environment. The only personality characteristics 
which could be associated with the lesion was a mild 
degree of facetiousness and irritability. 

Twenty months after the operation a relapse oc- 
curred. The patient had numerous convulsions, involv- 





Fig. 1. — Diagrams showing,the amount of tissue extir- 
pated after the first operation on patient 6, 'who dis- 
played the abnormal tickle response, and the lesions 
of 2 control patients, 1 and 4. The composite diagram 
shows that the lesions of the controls did not overlap 
the lesion of patient 6 in the inferior and posterior areas. 

ing largely the left side of the face and the left arm, 
and headaches in the area of the right temporal lobe. 
A second operation was performed on Dec. 12, 1941, 
at which time 90 Gm. of tissue was removed. A 
photograph of the area of the lesion produced by the 
two operations is shown in figure 2. The postopera- 
tive recovery of the patient was at first uneventful. 
The neurologic symptoms consisted of some motor 
paralysis, decrease in the sensation of touch and astere- 
ognosis involving in each case the left side of the body. 
On Jan. 26, 1942 the patient became mentally confused. 
Rage reactions occurred periodicall 3 ^ She had visual 
hallucinations and became incoherent and extremely 
facetious. These periods were interspersed with periods 
of lucid behavior and lethargy. On March 20, 1942 
she died, of circulatory failure with pneumonia and 
encephalitis. 
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DETERMINATION OF VIBRATORY THRESHOLDS 

Tlie vibratory thresholds were determined by an ap- 
paratus which has already been described ^ and which 
allows measurement of the thresholds through a large 
range of sinusoidal frequencies, with precise deter- 
mination of the amplitude of the vibrating pointer when 
placed directly against the skin. After the first opera- 
tion attempts were made to measure the vibratory 
thresholds of the patient at the different frequencies, 
with the result that, rather than experiencing the sen- 
sation of vibration, she usually perceived tickle, which 
was at times so excruciating tliat she would break out 
into hilarious laughter. The finger tips, the ventral 
and dorsal surfaces of the hands and arms and the 
sides of the face were examined. The sensation of 
tickle was more pronounced on the left side of the 
body than on the right side. Thus, on the ventral 
smface of the left hand she perceived a sensation of 
tickle at all of the frequencies which could be tested 
with the apparatus (from SO to 500 double vibrations), 
whereas on the right side she perceived the vibrations 
at all of the frequencies except at 50 double vibrations, 
at which she perceived tickle. Intermittently, on the 
areas of the right side which were tested she would 
at times fail to perceive tickle at some frequencies, 



although this occurred vpry seldom when the left side 
was stimulated. She reported that she had become more 
ticklish after the operation but that prior to the opera- 
tion she had not considered herself abnormally tick- 
lish. To substantiate this statement, she recounted the 
following incidents: While at the hospital after the 
first operation the nurse was greatly annoyed by her 
laughter when she was given a bath and a massage. The 
patient stated, “I felt as if the nurse was hitting every 
ticklish spot I had.” When she returned home, her 
sister discovered that all she had to do to win an 
argument was to tickle the patient. 

These results were unusual in that normal subjects 
studied by us seldom report a sensation of tickle when 
the vibrating pointer is placed against the skin, and 

3. Yacorzynski, G. K., and Brown, M. : Studies of 
the Sensation of Vibration : I. Variability of the 
Vibratory Threshold as a Function of Amplitude and 
Frequency of Mechanical Vibration, J. Exper. Psychol. 
28:509, 1941. Brown, M., and Yacorzynski, G. K.: 
Studies of the Sensation of Vibration: II. Vibration 
Sensibility in the Face Following Retrogasserian Neu- 
rectomy, .4.rch. Neurol. & Psychiat. 47:813 (May) 
1942. 


that 2 other patients with cerebral lesions of the right 
frontal lobe experienced only the normal vibrations and 
gave threshold readings characteristic of normal sub- 
jects. Being cognizant, however, that there is a 
wide difference between persons in susceptibility to 
tickle, and that tickle is subject to much learning, ve 
did not place great emphasis on the results until the 
second operation. At that time the perception of tickle 
to the vibratory stimulus disappeared completely on 
both sides of the body, and, although the patient was 
examined a number of times, no tickle response to the 
vibratorj’- stimulus could be elicited. The patient also 
reported that she was no lopger ticklish. 

INTERPRETATION 

These results can be interpreted by postulating 
that an area exists in the brain which is involved 
in the mediation of the perception of tickle and 
that a second area is present tvhich inhibits the 
primary tickle area. \^^hen the inhibitory area 
is destroyed, a release of the inhibition takes 
place, so that tickle becomes more pronounced. 
Presumably, that is what occurred after the first 
operation. The second operation, according to 
this conception, would have destroyed the pri- 
mary tickle area. 

In advancing the conception that an area is 
present in the cortex which functions to inhibit 
another cortical area, we are not postulating a 
completely novel mechanism. Dusser de Barenne, 
Carol and McCulloch,^ Fulton and Kennard® 
and Hines ® have shown that areas are present 
in the frontal lobes which function to inhibit the 
motor cortex. Two areas, 4 S and 8 S, which 
inhibit area 4 have been identified in the monkey. 
The release phenomenon of the tickle reaction 
simulates the release of the motor responses in 
other ways. We found that although tickle was 
obtained predominantly when the contralateral 
side of the body was stimulated, the response in 
general had a bilateral distribution and showed 
no evidence of topographic localization. Hines ® 
has shown that removal of the “strip” area (area 
4 S) on one side produced a generalized bilateral 
motor release, although contralateral symptoms 
were dominant. 

The area involved in the inhibition of tickle 
can be estimated by comparing the size of the 
lesion of the patient who displayed the release 
phenomenon with the amount of destruction of 2 
other patients witli lesions of the right frontal 

4. Dusser de Barenne, J. G. ; Garol, H. W., and 
McCulloch, W. S.: Physiological Neuronography of 
the Cortico-Striatal Connections, A. Research Nerv. 
& Ment. Dis., Proc. 21:246, 1942. 

5. Fulton, J. F., and Kennard, M. A.: Study of 
Flaccid and Spastic Paralyses Produced by Lesions of 
the Cerebral Cortex in Primates, A. Research Nerv. 
& Ment. Dis., Proc. 13:158, 1934. 

6. Hines, M. : The “Motor” Cortex, Bull. Johns 
Hopkins Hosp. 60:313, 1937. 
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lobes who did not show an abnormal change in 
perception of tickle. A diagram showing such 
a comparison is included in figure 1. It is seen 
that the lesions of the controls do not overlap 
the lesions of the patient showing the release of 
tickle in Brodmann’s areas 44 and 45, tlie dorsal 
parts of areas 11 and 47 and the lower anterior 
part of area 9. Presumably, therefore, the center 
inhibiting tickle is located in these areas. 

The determination of the center involved in 
the mediation of tickle presents more difficulty, 
since any part of the cerebrum destro3"ed b}^ the 
second operation may be the area concerned. 
This lesion includes the Brodmann areas 41, 42, 
43 and 52, the lower part of area 6, the lower tip 
of area 3. the anterior and inferior parts of area 
40 and the superior portion of area 22, If tickle 
involves a perceptual response rather than a pure 
sensation, as the evidence on this sense seems to 
indicate, one would expect that its center would 
not be found in the postcentral gjnus involved in 
the mediation of the primary sensations, but 
would probabl}' be posterior to this area, as is, 
for example, the case with stereognosis. This 
would involve the region which was destroyed on 
the inferior aspect of the parietal lobe, or area 
40. We should not exclude, however, the possi- 
bility that involvement of the basal ganglia of 
the telencephalon following the second operation 
may have been responsible for the diminution of 
tickle, since a coronal section at the tips of the 
temporal lobes showed some traumatic and de- 
generated changes in these areas. Bucy " stated 
the opinion that areas 4 S and 8 S mediate the 
inhibitory impulses to the motor cortex through 
the basal ganglia. However, even should the 
impulses of the inhibitory tickle area reach the 

7. Bucy, P. C. : The Neural Mechanisms of Athet- 
osis and Tremor, J. Neuropath. & Exper. Neurol. 1 : 
224, 1942. 


primary tickle area through neural connections 
with the basal ganglia, there is little reason to 
suppose that the interruption of such pathways 
w'ould in any way produce a diminution of the 
release phenomenon following the destruction 
of the inhibitory center, unless, of course, the 
mechanism involved in the perception of tickle is 
entirely different from that existing in the motor 
field. 

SUMMARY 

Two operations were performed on the right 
cerebral hemisphere of a patient. After the first 
operation a vibrating pointer placed against vari- 
ous parts of the body elicited an intense perception 
of tickle. The h)^peresthesia showed no topo- 
graphic localization and was bilateral, although it 
was more pronounced when the contralateral side 
of the body was stimulated. After the second 
operation the response of tickle to a vibrating 
stimulus disappeared. In normal subjects and 
in 2 subjects with lesions of the right frontal 
lobe a vibrating stimulus applied against the skin 
seldom produced a sensation of tickle. 

These results indicate that in the mediation of 
tickle two centers are involved. One center is 
primarily involved in the mediation of tickle, and 
the other inhibits the tickle center. According 
to this conception, the inhibitory center was 
destroyed after the first operation, producing the 
release phenomenon, and the tickle center was 
destroyed after the second operation, eliminating 
the abnormal tickle response. A mechanism 
similar to the one described here has been found 
for the motor responses. The inhibitory center 
for tickle appears to be located in the inferior 
and posterior portions of the frontal lobe and 
the tickle center probably in the inferior part of 
the parietal lobe. 

Northwestern University Medical School. 



PRETRAUMATIC PERSONALITY AND PSYCHIATRIC 
SEQUELAE OF HEAD INJURY 

I. CATEGORICAL PRETRAUMATIC PERSONALITY STATUS CORRELATED WITH GENERAL PSYCHIATRIC 
REACTION TO HEAD INJURY BASED ON ANALYSIS OF TWO HUNDRED CASES 
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Psychiatric symptoms are common among the 
sequelae of head in jury d These symptoms may 
vary in quantitj', intensity and duration from case 
to case. At one extreme may be merely increased 
irritability. At the other extreme may be a 
fulN developed neurotic syndrome. In asso- 
ciation with these siunptoms are often prolonged 
invalidism and delay in resumption of occupa- 
tion, or, in military life, delay in return to active 
duty.® 

Various opinions have been offered as to the 
causation of these post-traumatic psychiatric syn- 
dromes. The subject has been ably reviewed by 
Strauss and Savitzky and by Schilder.® The 
belief was expressed that the psychiatric sequelae 
of head injury are due mainly to anatomic and 
physiologic changes in the brain,® that they result 
from an interest in gaining compensation,'^ that 
they are largel}'' ascribable to pretraumatic abiior- 

Part II (in preparation) deals with multiple, spe- 
cific personality factors present both before and after 
head injury. 

From the Neurological Unit of the Boston City 
Hospital and the Department of Neurology, Harvard 
Medical School. 

The work described in this paper was done Under 
a contract recommended by the Committee on Medical 
Research, between the Office of Scientific Research and 
Development and the President and Fellows of Har- 
vard College. 
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malities of the personality ® and that there is 
high correlation with various associated factors, 
such as occupational, litigational and marital 
stresses.® 

This paper is the report of an investigation 
into the possible relation between the over-all 
pretraumatic personality and the psychologic 
sequelae of head injury. 

MATERIAL 

This inquiry was undertaken as part of a 
comprehensive study of civilian head injury con- 
ducted at the Boston Cit}'^ Hospital from July 
1942 to October 1944 by a group under the direc- 
tion of Dr. Denny-Brown, consisting of neurolo- 
gists, psychiatrists, a psychometrist, an electro- 
encephalographer, a social worker and a resident 
physician who had been trained in neurology 
and psychiatry. 

Two hundred subjects were selected for intensive 
study out of 430 patients who were initially studied 
on their admission to the hospital. These 200 patients 
were selected by exclusion of persons in the following 
categories : persons under 15 and over 55 years of age, 
vagrants, irresponsible alcoholic addicts, chronically un- 
employed persons and a few others on whom follow-up 
study was unobtainable. The groups comprised 125 
males and 75 females. The occupational distribution 
was as follows : skilled or semiskilled workers, 48 per 
cent; domestics or housewives, 19 per cent; students, 
10 per cent; civil employees (firemen, police officers), 

6 per cent; unskilled laborers, 5 per cent; unclassified 
persons, 12 per cent. All patients had been followed 
until their symptoms had disappeared and they had 
returned to full employment or for a period of at least 
six months from the time of discharge from the 
hospital. 

All patients had been admitted to the hospital 
promptly after injury. In general they had suffered 
“closed” head injuries. Only 6 patients had compound . 
fractures. The patients varied in their neurologic and 
psychologic manifestations. The injury of 85 patients 
would in general neurologic practice be diagnosed as 

8. (a) Symonds, C. P. : Mental Disorder Following 

Head Injury, Proc. Roy. Soc. Med. 30:1081-1094, 
1937. (b) Symonds and Russell.^^ (c) Lewis. ^ 

9. Adler, A.: Mental Symptoms Following Head 
Injury: A Statistical Analysis of Two Hundred Cases, 
.'^.rch. Neurol. & Psychiat. 53:34-43 (Jan.) 1945. 
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“concussion." the degree of severity depending on the 
length of coma. Twelve patients had no initial trau- 
matic impairment of consciousness other than a momen- 
tary daze. In all, 34 had fractures of the skull. The 
cerebrospinal fluid of 46 patients was blood tinged. 
Thirty-two patients presented abnormal neurologic 
signs. In 14 patients focal injury to the brain was 
indicated by the presence of cranial nerve palsies, 
dysphagia and/or convulsive seizures. Twenty patients 
had no history of coma following injury; 92 were in 
coma or semicoma for less than ten minutes ; 42, from 
ten to thirty minutes ; 20, from thirty to sixty minutes ; 
17. from one to six hours; 4, from six to twenty-four 
hours, and 4 over twenty -four hours. Eighteen patients 
were not disoriented; 155 patients showed disorienta- 
tion for variable periods, up to twelve hours; 4 pa- 
tients. from twelve to twenty-four hours; 12 patients, 
from one to seven days, and 11 patients over a week. 

METHOD 

Evaluation of the pretraumatic personality of each 
patient was based on a history of the personality. In 
the present state of psychiatrA' there is no more de- 
pendable method of gaining insight into the nature of 
a personality than through a scrutiny of past perfor- 
mances and* experiences in their special settings. No 
personality test, such as the Rorschach or the Minne- 
sota test, can be depended on to give an evaluation 
of a patient's personality before injury to the head 
when the test is given after the injury. Thus, chief 
reliance was placed on the psychiatric history. 

Uniformitj’ of examination was attained by having 
each patient in the series of 200 examined not onlj' by 
one of the two psychiatrists in the group but by all 
the other members of the project staff, including, in 
most cases, the other psychiatrist. There was general 
staff discussion of the psychiatric aspects of each pa- 
tient’s case. In addition, each psychiatrist followed a 
uniform scheme of examination. Not only was the 
historj* taken from the patient himself, but the data 
were checked and supplemented by interviews with 
relatives, friends, employers and others who might be 
able to provide information about the patient’s behavior. 
Investigations by a social worker were of particular 
assistance. At subsequent interviews with the patient 
the data were rechecked. 

As a result of such an investigation, each patient 
was given a categorical classification of his personality 
under one of the following headings : 

Normal personality 
Psychopathic personality 
Neurotic personality 
Personality variant 

Normal personality except for general nervousness 

Mental deficiency 

Neurotic traits in childhood 

Behavior problem (childhood and youth) 

Psychotic behavior 
Pretraumatic personality unknown 
It is recognized that no categorical classification can 
do justice to the complexity of a personality and that 
widely dissimilar personalities may be found in the 
same diagnostic group. Nor do I argue in favor of 
the validity of such generalization; the study merely 
tests it. For purposes of statistical analj'sis it is neces- 
sary to reduce psychiatric data to a classification of 
commonly recurring categories, in the terminology of 
common usage. The classification chosen has been 
such as to be readil}* identifiable bj' others. 


Final decision as to the particular category in which 
a patient should be placed presented various difficul- 
ties, especially with patients who showed admixtures 
of traits. As there are no pure personality types, strict 
demarcation of boundary zones between categories de- 
pended on the application of clinical judgment in line 
with rather strict definitions. Some patients presented 
such a preponderance of certain traits that classifica- 
tion was easy. This applied particularly to some of the 
“neurotic” patients and the “psychopathic personali- 
ties.” To be rated as “normal” the patient had to 
be^a robust personality. The chief difficulty arose in 
consideration of the well integrated persons who showed 
slight degrees of neurotic traits or some other person- 
ality bias, such as exceptional egocentricity, irritability 
or sensitivity. Quantitation was in the last analysis a 
matter of clinical estimate. Some of the “normal” pa- 
tients manifested on some occasions slight evidences of 
neurotic difficulties, but such episodes were so brief 
and transient as to have no influence on the general 
pattern of the personality. Those patients who, while 
free of characteristic neurotic symptoms, were some- 
what more tense were classified as “essentially normal 
except for general nervousness.” Particular difficulty 
involved the category’- of “personality variant.” This 
included patients with definite bias in the personality, 
including particularly such traits as exceptional ego- 
centricity, irritability, sensitivity and moodiness, but 
who. nevertheless, maintained a fairly stable and har- 
monious position in society. Obviously, the differences 
between such persons and “psychopaths” would be 
quantitative as well as qualitative. Exceptional sensi- 
tivity might well approach a paranoid level and indicate 
a categorical diagnosis of the schizoid type of psycho- 
pathic personality. Moodiness and emotionality might 
be so severe as to color the patient’s relation to society 
and indicate a diagnosis of affective type of psycho- 
pathic personality. The diagnosis “personality variant,” 
then, was based on the selection of patients who had 
such bias in the personality as to exclude them from 
the strictb’’ “normal” group but who were not charac- 
teristically neurotic or psychopathic and whose bias 
was not that of simple general nervousness. 

The main outlines of the categories which are pre- 
sented here are offered in the following definitions : 

Normal Personality. — A person who is in harmony 
with himself and his environment, is virtually free of 
psychoneurotic traits and other personality imbalances, 
is not habitually in conflict with the ethical and social 
standards of society, is free of addiction to alcohol, 
maintains satisfactory personal, social and occupational 
adjustments and presents a general integration of objec-' 
tives and behavior. This does not exclude the possible 
existence of some personality bias, such as egocentricity 
or timidity, or even a history of brief or transient 
neurotic symptoms. 

Psychopathic Personality. — A person who has shown 
extreme failure in social and intrapersonal adaptation, 
associated with impulsiveness, defective self control, 
lack of fixity of purpose, instability of effort and un- 
dependability in his work. In this category are wdde 
variations. There may or may not be associated psy- 
choneurotic phenomena. It is possible to make an 
unlimited series of subtypes of the psychopathic per- 
sonality. We have selected seven: inferior, alcoholic, 
affective, aggressive, criminal, schizoid and miscella- 
neous types. As these subtypes are not discussed in 
the present study, they are not defined here. 

Neurotic Personality.— A. person whose behavior and 
experience are substantially affected by the existence 
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of traits or symptoms which characterize the generally 
accepted psychoneurotic syndromes of neurasthenia, 
hypochondriasis, anxiety neurosis, obsessional neurosis 
and hysteria. 

Personality Variant. — A person who, while not psy- 
chotic, frankly psychoneurotic or psychopathic, has ap- 
preciably more weighting of the personality than the 
average normal subject. Such patients represent devia- 
tions from the average. The personality bias includes 
such traits as timidity, egocentricity, irritability, can- 
tankerousness, hypersensitivity, moodiness, emotional 
lability, solemnit}’’ or general light heartedness. 

Normal Adult Personality, but with Neurotic Traits 
in Childhood. — A well adjusted adult with a history 
of such neurotic traits in childhood as persistence of 
enuresis beyond infancy, nightmares, sleep walking and 
temper tantrums. 

Normal Personality E.vcept for General Nervousness. 
— A person of average personality, with some slight 
or special sensitivity, such as moderate emotional ten- 
sion or a tendency to mild psychosomatic manifesta- 
tions — ^for example, gastrointestinal symptoms, palpitation 
or perspiration — in association with emotional tension. 

Behavior Problem in Childhood or Youth. — Persons 
who, without manifestation of intrinsic personality dis- 
order (neurosis, psychopathy), had acted in a manner 
which was in acute conflict with the average standards 
of performance for his social group. Here would be 
included patients with a history of an isolated instance 
of delinquent behavior. 

OBSERVATIONS AND CONCLUSIONS 

Pretraumatic Personality Status . — The classi- 
fication of the 200 patients on the basis of the 
categorical pretraumatic personality status is pre- 
sented in table 1. 

This distribution of personality categories prob- 
ably represents an average for the portion of 

Table 1. — Pretraunujtic Persomlity Status of Two 
Hundred Patients 


Percentage 
Number of Total 

, of Number of 

Diagnosis Patients Patients 

Normal personality 87 43.5 

Psychopathic personality 34 17.0 

Personality variant 31 15.5 

Neurotic personality 17 8.5 

Normal personality except for general ner- 
vousness 10 5.0 

Mental deficiency 7 3.5 

Neurotic traits in childhood 1 0.5 

Psychotic behavior 1 0.5 

Behavior problem (in childhood or youth)... . 1 0.5 

Pretraumatic personality unknown 11 5.5 


the population which is treated in large municipal 
hospitals. It should be noted that nearly half 
the number were considered essentially normal; 
approximately one sixth had psychopathic per- 
sonalities ; about the same number were per- 
sonality variants, and about one twelfth of the pa- 
tients had neurotic personalities. 

Pretraumatic Personality in Relation to Post- 
Traumatic Mental Symptoms . — The post-trau- 
niatic psychiatric symptoms of each patient were 


carefully studied. It was found that prolonged 
failure to resume employment showed a higher 
correlation with the existence of mental symp- 
toms than with any other symptom (headache, 
dizziness or direct physical sequelae). These 
post-traumatic mental symptoms have been dis- 
cussed in detail by an associate.® They are men- 
tioned here only for purposes of correlation with 

Table 2. — Distribution of Psychiatric Symptoms in a 
Series of Si.vty-Four Patients zoith Post- 
Traumatic Mental Symptoms 


Number of 


Symptom Patients 

Anxiety states; apprehension 48 

Fatigue (neurasthenia) 7 

Genera! nervousness 4 

Hypochondriasis 2 

Obsessive-compulsive neurosis 1 

Depression i 

Euphoria 1 


personality status. They may be listed and 
defined as follows: . 

Fatigue (neurasthenia) : Complaints of tir- 
ing easily; a sense of exhaustion and lack of 
energy, and increased need for rest and sleep. 

Nervousness; Inability to Concentrate: Pro- 
nounced tension with associated psychosomatic 
fnanifestations and inability to concentrate, with- 
out anxiety or other clearly neurotic disorder. 

Fears; Anxiety; Panics: States of morbid, 
uncontrollable apprehension, either acute or 
chronic and of variable degree and duration. 
There may be associated somatic symptoms, and 
fatigue and nervousness may be present in addi- 
tion. 

Depression; Apathy: A predominant mood 
of depression or lack of concern with the usual 
objects of interest. 

Hypochondriasis : Excessive preoccupation 
with and anxiety about the state of one’s health, 
including specific anxiety about the head. 

Obsessive-Compulsive Symptoms: The exis- 
tence, singly or in combination, of obsessive, 
ruminative, compulsive, phobic or ritualistic phe- 
nomena. 

Gross Change in Personality Only: Qualita- 
tive and quantitative deviation from pretraumatic 
patterns of personality and behavior not related 
to coexisting psychogenic changes, in particular 
in the absence of post-traumatic anxiety and 
other psychoneurotic states. 

Euphoria : Elated, expansive mood with 
heightened sense of well-being. 

In each case in which the patient showed any 
mental changes in convalescence the predominant 
symptoms were arbitrarily selected. Seventy 
patients (30 per cent) had post-traumatic men- 



KOZOL—HEAD INJURY 


361 


tal symptoms. It should be emphasized that 
the predominant mental symptom in convales- 
cence is not the only one ; virtually every patient 
presented more than one symptom. In fact, 
fatigability was present in a larger total number 
of patients than was any other symptom. How- 
ever, it appeared of relatively minor importance, 
for in only 7 patients did it overshadow the 
other symptoms. Headache and dizziness were 
not taken into- account. 

Of the 70 patients who had post-traumatic 
mental symptoms, 64 (32 per cent of the total 
of 200 patients, or 90 per cent of the 70 patients) 
presented neurotic symptoms. The remaining 6 
(3 per cent of the total of 200 patients, or 8.5 per 
cent of the 70 patients) showed a rather general 
personality change, without particular neurotic 
symptoms. Each of these 6 patients with gen- 
eral personalit}' change had suffered an obviously 
severe injury to the brain, evidenced b}' such 


matic personality is not a dominant factor in 
the production of post-traumatic symptoms. 

It may be argued that a figure of 36 per cent 
for ‘‘neurotic” persons and of 35 per cent for 
“psychopaths” is significant as compared with 
a figure of 30 per cent for the entire series of 
200 patients and for the group of 87 normal 
patients. While the small difference may be 
significant, it is certainly not sufficiently great 
to support any theory of post-traumatic neurosis 
which places the chief emphasis on the sole factor 
of pretraumatic personality. It should be noted 
that the highest incidence of post-traumatic men- 
tal symptoms (50 per cent) occurred in a group 
of 10 patients who were characterized as “essen- 
tially normal except for general nervousness.” 

The statements in the foregoing statistical 
analysis do not mean that the pretraumatic per- 
sonality is never responsible for symptoms. In 
a particular case specific features of the pretrau- 


Table 3. — Corrclalion of Pretraumatic and Post-Traumatic Personality Status 





Post-traumatic Personality Status 




r 

Free from Symptoms 

Psychiatric Symptoms 

Personality Change Only 



Total 

Per Cent 

Total 


Total 

% 


Number of 

Number of 

of 

Number of 


Number of 


Pretmumatic Personality Status 

Patients 

Patients 

Patients 

Patients 

Percentage 

Patients 

Percentage 

Xormal personality 

S7 

61 

70 

2ii 

00 

0 

0 

Psychopathic personality 

34 

21 

63 

12 

35 

1 

3 

Personality variant 

01 

20 


9 

30 

2 

5 

Normal personality with general nervousness 

10 

5 

50 

5 

50 

0 

0 

Neurotic personality 

17 

11 

64 

6 

36 

0 

0 

Mental deficiency 

7 

5 

71 

2 

29 

0 

0 

Neurotic traits in childhood 

1 

0 

0 

1 

lOO 

0 

0 

Psychotic behavior 

1 

0 

0 

1 

lOO 

0 

0 

Behavior problem 

1 

• 0 

0 

0 

0 

1 

lOO 

Unknown 

11 

7 

64 

2 

18 

2 

18 

Totals 

2C0 

130 

65 

64 

32 

6 

3 


signs as prolonged coma and disorientation, pro- 
longed deficit in performance tests, bloody spinal 
fluid, focal neurologic signs and indications for 
operation on the skull. 

The distribution of the predominant psychiatric 
symptoms in our 64 cases is given in table 2. 

The pretraumatic status of personality is corre- 
lated with tlje post-traumatic status in table 3. 

From table 3 the following figures are taken 
for purposes of comparison: 

Patients Presenting Post-Traumatic Mental Symp- 
toms : 

36% of 17 patients with pretraumatic neurotic per- 
sonality. 

35% of 34 patients with psychopathic personalities 

30% of 31 patients with personality variants 

29% of 7 patients with mental deficiency 

30% of 87 patients with normal personality 

These figures indicate that there is little, if 
any, correlation between the pretraumatic per- 
sonality and the post-traumatic psychiatric symp- 
toms. They certainly indicate that the pretrau- 


matic personality may be the chief factor in the 
production of symptoms. But a comprehensive 
diagnosis of pretraumatic personality (such as 
“neurotic” or “normal”) is not specific enough 
to indicate any probability of post-traumatic men- 
tal symptoms. This is supported by our obser- 
vation that the highest incidence of symptoms 
appeared in the patients who were considered 
“essentially normal except for general nervous- 
ness.” Of the total series of 200 patients, there 
were approximately 20, or 10 per cent, whose 
pretraumatic personalit}’’ appeared to be of major 
significance in the production of post-traumatic 
mental symptoms. However, not more than 6 
of these patients (3 per cent) were neurotic. 
Thus, while in certain cases the pretraumatic per- 
sonality was believed to play a major role, the 
specific items were too subtle for generalization. 

Relation Between Categorical Diagnosis and 
Clinical Impression . — Although the pretraumatic 
personality is generally not the sole factor in the 
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causation of psychologic sequelae, there is little 
doubt that in many cases it contributes to a 
greater or lesser degree. In the final review 
of each case by the entire staff opinions were 
expressed as to the role of the pretrauniatic per- 
sonality in the production of sequelae. The clini- 
cian who handles a case builds up his impression 
from numerous items and details. The summa- 
tion of impressions which go into the formation 
of an opinion are the result of implicit, as well 
as of explicit, perceptions. These opinions were 
clinical approximations reached after the event, 
and not to be confused with the categorical classi- 
fication of all patients, regardless of the presence 
or absence of symptoms, dealt with in the pre- 
ceding section. Since such clinical approxima- 
tion is the routine approach to the problem in 
the clinic, its evaluation in relation to the present 
series of patients ma}^ be useful. 

The full staff was in general agreement that 
the pretrauniatic personality played some part 
in the production of psychologic sequelae in 58 
(80 per cent) of the total of /O patients with 
such sequelae. Reference to table 3 shows that 
approximately one half (26) of these patients 
had pretrauniatic “normal” personalities and 32 
had pretrauniatic abnormal personalities. Vir- 
tually the same proportion is found among the 
130 patients who did not have psychologic se- 
quelae; The personalities of 61 were diagnosed 
as normal and those of 57 as abnormal (5 were 
mentally defective, and the previous personality 
of 7 patients was unknown). 

Work History. — As Lewis ® stated that the 
work history is of relevance in evaluation of 
pretrauniatic personality, comment is pertinent. 
In the presei^t series 146 patients had a satisr 
factory work history as judged by steadiness and 
continuity of employment, and 41 patients had 
an unsatisfactory work history. Of the 146 
patients with a satisfactory ivork history-, 93 
(63 per cent) had no post-traumatic mental 
symptoms, and 53 (37 per cent) had such symp- 
toms. Of a total of 41 patients who had no 
steady employment or had other unsatisfactory 
work records, 26 (63 per cent) had no psychia- 
tric symptoms after injury, and 15 (37 per cent) 
had such symptoms. Thus the percentages are 
identical for the two groups and indicate that 
in itself the work history bears no relation to 
the presence or absence of post-traumatic mental 
symptoms. 

Psychiatric Family History. — ^In discussing the 
liability of a personality to react, Synionds and 
Russell used the term “predisposition.” They 
included not only the pretrauniatic personalit}’^ 


of the patient but the psychiatric history of his 
antecedents. In the present series there were 
37 patients whose family histories gave evidence 
of neurosis, alcoholism, psychopathic personality, 
psychosis or similar disturbance. Of these, 26 
(70 per cent) had no post-traumatic mental 
symptoms, and 11 (30 per cent) had such 
symptoms. Of 125 patients without a positive 
faniil}’’ history, 78 (62 per cent) had symptoms, 
and 47 (38 per cent) had no symptoms. Thus, 
there is a difference of onljr 8 per cent in favor 
of the development of post-traumatic mental 
symptoms in persons with a positive family his- 
tory of psychiatric disorders. This difference 
is of doubtful significance. 

Complicating Psychosocial Factors. — As the 
present paper is primarily concerned with the 
potential role of the personality a detailed dis- 
cussion of the general causation of psychiatric 
sequelae of head injury is not attempted. It 
nia}^ be pointed ' out, however, that there was a 
high correlation between the continuance of psy- 


Table 4. — Complicating Psychosocial Factors and 
Post -Traumatic Mental Symptoms 


ComplicBting Eactors, 

Number 

Patients with Symptoms 

Regardless of Estimated 

of 

f 


Influence or Sequelae 

Patients 

Number 

Percentage 

Litigation 

S4 

22 

64 

Domestic troubles 

18 

7 

40 

Complicating injuries 

28 

0 

32 

Occupational difficulties 

:i 

8 

75 

Financial difficulties 

8 

2 

25 

Selective service 

5 

2 

40 


cliiatric sequelae and the existence of associated 
situational factors. The latter included anxiety 
about returning to jobs in which the head injury 
had been sustained (firemen), fear in crossing 
streets, concerns about domestic difficulties, un- 
settled litigation and complicating injuries and 
illnesses. 

One hundred and four patients presented a 
variety of complicating factors (table 4). 

According to this table, there is a substantial 
correlation between the existence 'of litigation, 
on the one hand, and the development of psy- 
chiatric sequelae (64 per cent), on the other. 
Under “occupational difficulties” one will note 
that of 11 patients 8 (75 per cent) had sequelae. 
They were men engaged in a hazardous occupa- 
tion (firemen) who had witnessed the deaths 
of some of their fellows. All these patients 
were receiving full salary while ill. Thus, for 
them to remain ill meant a continuation of their 
safe status. In that respect they could be com- 
pared to soldiers who had failed to recover. 
Thus, this group could well be classified with 
the litigation group, so that a total of 45 patients 
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had an intelligible motive (conscious or uncon- 
scious) for remaining sick, of whom 30 (66 per 
cent) did have mental symptoms. There is a 
higher correlation here than with the pretrau- 
matic personality type or with any other factor in 
this study. 

To test a possible chance relation, the pre- 
traumatic personality status was correlated with 
the existence of complicating factors. From these 
correlations it appears that complicating factors 
were presented by 53 (60 per cent) of the 89 
“normal” patients, by 10 (59 per cent) of the 
17 “neurotic” patients, by 20 (59 per cent) 
of the 34 “psychopaths,” by 22 (70 per cent) 
of the 31 patients with “personality variant” and 
by 6 (60 per cent) of the 10 patients with “nor- 
mal personality except for general nervousness.” 
The average incidence of complications for the 
entire series of 200 patients was 62 per cent. 
These figures indicate a distribution which ex- 
cludes the factor of chance in the conclusion 
that there is a high correlation between the exis- 
tence of psychiatric sequelae and psychosocial 
complicating factors. 

COMMENT 

No author, to ni}- knowledge, has asserted that 
the pretraumatic personality is exclusively re- 
sponsible for the development of psychologic 
sequelae of head injury. The view that pre- 
traumatic personalit}’’ may be largely responsible 
for the psychiatric sequelae of head injuries was 
epitomized by S 3 unonds with the conclusion that 
“. . . it is not only the kind of injury that 

matters, but the kind of head.” Later, Symonds 
and Russell expressed the conviction that “the 
mental constitution before injury plays an im- 
portant part in the prognosis of head injuries.” 
They mentioned “predisposition to mental dis- 
order . . . evinced by the family or personal 
history of the individual.” In a group of mili- 
tary patients they found that “predisposition” was 
twice as common among the men with chronic 
illnesses as among those with short illnesses. 
Also, twice as many men were invalided from 
the group with predisposition as from the group 
which showed no predisposition. They noted, 
howpvp,i:.^that 33 per cent of the group with 
— predispcS^iuion to mental disorder returned to 
active service, that predisposition in itself did 
not carry a bad prognosis but that among the 
factors having an adverse effect on recovery 
from head injury the role of predisposition was 
of significance. They stated further: 

Our data therefore suggest that if two men of dis- 
similar mental constitution suffer head injury of com- 
parable severity, as judged by the duration of the 


PTA [post-traumatic amnesia], the prognosis is much 
worse for the man with a latent or evinced liability 
to mental disorder. 

Lewis ^ reached a similar conclusion from a 
study of 64 patients with head injury whose 
s 3 '-mptoms had persisted so long as to be looked 
on as chronic and the character of whose S 3 mip- 
toms was such that the 3 ^ had been transferred 
to a “neurosis center.” Lewis compared these 
patients suffering from head injury with 64 
neurotic patients without head injury in the same 
hospital. The latter group had been especially 
selected to match the group with head injury 
in that the 3 ^ “exhibited the clinical syndromes 
in the same proportions as did the head injury 
cases. Thus, there were 16 patients with con- 
version hysteria in each group, 2 patients with 
hysterical amnesia, 6 with a severe acute anxiet 3 ' 
state, 14 with a chronic anxiety state, and so on.” 
These groups were compared with respect to a 
number of attributes of ps 3 ^chiatric interest, in- 
cluding family history, occupational and personal 
history, previous personality, present illness and 
S 3 'mptoms thereof. In evaluation of the previous 
personality, only twelve types were considered : 
stable, weak, delinquent, inert, rebellious, sus- 
picious, cyclothymic, schizoid, hysterical, anxious, 
hypochondriacal and obsessional. Lewis con- 
cluded : 

. . . the long-standing, relatively intractable post- 
contusional syndrome is apt to occur in much the same 
person as develops a psychiatric syndrome in other 
circumstances without any brain injurj’- at all. 

Lewis took note of possible objections to the 
use of his group with head injury as representa- 
tive of the “minor contusional syndrome” 
(S 3 anonds’ equivalent of the term “post-con- 
cussion S 3 mdrome”). His group had been se- 
lected from patients with head injury because 
of the chronicit 3 '^ of S 3 '-mptoms which were recog- 
nized as characteristically neurotic. It is obvious 
that conclusions derived from a study of such 
a group cannot be applied to the general group 
of patients with post-traumatic mental sequelae. 
But even in his group it was noted that 36 
(56 per cent) of the patients with head injury 
who were invalided because of neurotic sequelae 
had pretraumatic “stable” personalities, whereas 
in the group of “neurotic” patients who had not 
sustained head injury only 25 per cent had had 
previously stable personalities. 

It should be emphasized that neither Symonds 
nor Lewis ascribed the development of psychiat- 
ric sequelae exclusively to a pretraumatic per- 
sonality. Both pointed out that the reaction 
of the personality to immediate organic features 
of the head injur 3 ^, such as dizziness and head- 
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ache, was unquestionably a factor, and they also 
took note of the undoubted influence of com- 
plicating situational stresses arising out of or 
relating to the injury. They also emphasized 
the motivation, undoubtedly subconscious, which 
might perpetuate s3^mptoms when recoverj'^ from 
such symptoms would be followed by return to 
active military service. The chief difference 
between their observations and the results of 
the present study relates to the weight to be 
attached to the pretraumatic personality. 

Schilder ® pointed out, as did Symonds and 
Russell and Denny-Brown,^" that the experi- 
ences directly referable to physical trauma to the 
brain, such as headache and dizziness, in them- 
selves contribute to the development of neurotic 
reactions. Of additional interest is his insistence 
that neuroses associated with trauma to the head 
should be distinguished from neuroses associated 
with trauma to other parts of the body. He 
demonstrated that the cause of the two types 
of neurosis may be quite different; that special 
value is set by the patient on his head, par- 
ticularly his brain, and that the physical symp- 
toms associated with head injury (dizziness, 
instability) produce a sense of insecurity, with 
associated anxiety. Schilder did not place any 
special weight on pretraumatic personality. He 
stated ; 

Traumatic neurosis in general, and neurosis after 
head injuries, may occur in individuals who were neu- 
rotic previously or had neurotic tendencies; or it may 
occur in individuals who were not neurotic in the com- 
monly accepted sense before the accident. 

Denny-Brown maintained that persistent dis- 
ability (sequelae) in the individual case must 

10. Denny-Brown, D. : The Sequelae of War Head 
Injuries, New England J. Med. 227:771-780 and 813- 
821, 1942. 


be evaluated in terms of both physiologic and 
psychologic factors. He stated: 

Too frequently, emphasis is laid wholly on either 
structural damage or psychoneurotic state, with conse- 
quent failure to achieve the best results from treatment 
of both. Although particularly evident to the trained 
neurologist by reason of his familiarity with both func- 
tional and organic nervous disorders, the proportions 
of the mixture should be evident to anyone who takes 
time to sum up the pretraumatic nervous constitution 
and personality, the severity of the general brain injury, 
the residual intellectual and physical state, and the 
nature and degree of persistent anxiety. 

From our data it appears that there is little, 
or no, correlation between pretraumatic person- 
ality and the liability tO' development of post- 
traumatic mental symptoms. A patient with -a 
pretraumatic “neurotic” personalit}’- may be free 
from symptoms. A patient with a pretraumatic 
“normal” personality may be crippled by mental 
symptoms. This does not mean that the pre- 
traumatic personality may not play a large, or 
even the sole, part in the production of post- 
traumatic mental symptoms. It does mean that 
the development of post-traumatic mental symp- 
toms may not generally be ascribed to the pre- 
traumatic personality. There is no general rule 
that patients with over-all neurotic or psycho- 
pathic personalities are more likely to manifest 
symptoms after trauma than are normal persons. 

SUMM.'\Ry 

In 200 cases of head injury the categorical pre- 
traumatic personality was found to have little, if 
any, correlation with the incidence of post-trau- 
matic mental symptoms. There was a significant 
correlation between the incidence of post-trau- 
matic mental symptoms and the existence of 
complicating psychosocial factors. 

Boston City Hospital. 
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It usually is stated that schizophrenia is char- 
acterized by three primary symptoms: a distur- 
bance in attention, a disturbance in the associa- 
tion of ideas and a disturbance in affect. The 
other features of this disorder are regarded as 
secondary elaborations of these primary symp- 
toms. The relationships among the primary 
symptoms and between the primary and the 
secondary symptoms are of interest from a variety 
of standpoints: etiologic, diagnostic, prognostic 
and psychopathologic. Increased interest in these 
topics followed the reports of Lindemann ^ that 
sodium amytal injected intravenously in smaller 
than sleep-producing amounts often caused a 
profound change in the mental status of a patient, 
sometimes temporarily changing his reactions to 
relatively normal ones. Thus, in the case of 
schizophrenia, the attention may be improved, 
the thought processes may become more logical 
'and the affect may appear more adequate. There 
is also an increased ease of communication, so 
that the patient may reveal the content of his 
psychosis. Furthermore, under the influence of 
the drug, some patients show improvement in but 
one or two of the primai-y symptoms, and, finally, 
some patients show little or no change. This 
drug, then, affords an opportunity to study the 
relation among the symptoms and to investigate 
problems of diagnosis, of etiology and of prog- 
nosis. For example, Gottlieb and Hope “ stated 
that a good response to sodium amytal was re- 
lated to a favorable prognosis, and Layman ^ 

1. Lindemann, E. : The Psychopathological Effects 
of Sodium Amytal, Proc. Soc. Exper. Biol. & Med. 
28:864, 1931; Psychological Changes in Normal and 
Abnormal Individuals Under the Influence of Sodium 
Amytal, Am. J. Psychiat. 11:1083-1091, 1932. Linde- 
mann, E., and Malamud, W. : Experimental Analysis 
of the Psychopathological Effects of Intoxicating Drugs, 
ibid. 13:853-879, 1934. Lindemann, E. : The Neuro- 
physiological Effect of Intoxicating Drugs, ibid. 13: 
1007-1037, 1934. 

2. Gottlieb, J. S., and Hope, J. M. : Prognostic 
Value of Intravenous Administration of Sodium Amytal 
in Cases of Schizophrenia, Arch. Neurol. & Psychiat. 
46:86-97 (July) 1941. 

3. Layman, J. W. : A Quantitative Study of Certain 
Changes in Schizophrenic Patients Under the Influence 
of Sodium Amytal, J. Gen. Psychol. 22:67-86, 1940. 


reported that the performance of a group of 
patients on a battery of psychologic tests was 
improved by the drug. It would be desirable to 
have quantitative measures of changes in the 
primar}'- symptoms, so that these problems could 
be investigated with greater exactness. Some 
beginnings have been made in this direction. 
The use of certain psychometric tests has re- 
defined the whole problem of schizophrenic 
thinking.'* Similarly, a technic for measurement 
of reaction time has been developed which may 
be used to measure the disorder in attention.^ 
The present report deals with the question : Can 
the clinical improvement in attention produced by 
intravenous administration of sodium amytal in 
schizophrenic patients be measured by this reac- 
tion time technic? 

The technic of measuring attention is more 
specifically referred to as a method of measuring 
mental set. The latter term is preferable, since 
it has a more precise meaning than attention. 
In terms of the experimental technic, mental set 
means the ability to maintain an orientation 
toward certain environmental stimuli at a high 
level. The procedure involves measuring the 
subject’s reaction time to an auditory stimulus 
under two types of conditions. In one condition 
a warning or preparatory signal is presented at 
constant temporal intervals before each reaction 
signal (regular procedure). In the second condi- 
tion the length of the preparatory interval be- 
tween the warning and the reaction signal is 
varied haphazardly (irregular procedure). In 
the first condition a normal subject will profit by 
the constant interval between the two signals 
and will be prepared to react quickly. In the 
second condition his reaction times are longer, 
apparently because he does not know when to 
expect the reaction signal. Furthermore, in the 

4. Kasanin, J. S. : Language and Thought in Schizo- 
phrenia, Berkeley, Calif., University of California Press, 
1944. 

5. Huston, P. E. ; Shakow, D., and Riggs, L. A. : 
Studies of Motor Function in Schizophrenia : II. Reac- 
tion Time, J. Gen. Psychol. 16:39-82, 1937. Rodnick, 
E. H., and Shakow, D. : Set in Schizophrenia as 
Measured by a Composite Reaction Time Index Am 
J. Psychiat. 97:214-225, 1940. 
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regular procedure, as the length of the prepara- 
tory interval is increased to about fifteen or 
twenty seconds, the advantage of- a constant inter- 
val is lost, and the reaction times approximate 
those of the irregular procedure. Curves plotting 
reaction time as a function of the preparatory 
interval show a separation of the cun^es for the 
two procedures with intervals below fifteen or 
twenty seconds in a normal group, the curve for 
the regular procedure representing faster reac- 
tions than the curve for the irregular procedure. 
Schizophrenic subjects, on the other hand, fail to 
profit by a knowledge of the length of the pre- 
paratory inter\^al to the same degree that normal 
subjects do. As a consequence, similar curv'es 
for a schizophrenic group show a separation of 
the curves for the regular and the irregular pro- 
cedure onl}'^ for interA>^als below about five sec- 
onds. With longer preparatory intervals curves 
for the patients tend to run together. Hence it 
has been suggested that schizophrenic patients do 
not maintain a mental set as well as normal 
persons.^ 

MATERIALS AKD METHODS 

Nine schizophrenic patients and 9 normal control 
subjects were used in this study. The patients had all 
been recently admitted to tlie Iowa State Psychopathic 
Hospital, though the average duration of the psychosis 
was nine months. Thej' had a mean age of 28.5 years, 
with a range from 16 to 49 years. Two were women 
and 7 were men. The clinical subtypes were distributed 
as follows; paranoid, 1; hebephrenic, 3; simple, 1, and 
unclassified, 4. All the patients were in good contact 
with the environment and were cooperative in the ex- 
perimental situation. The control subjects were univer- 
sity students. Their mean age was 22.S years, with a 
range from 20 to 26 years. Six were women and 3 
were men. 

The apparatus consisted of a flashlight bulb to serve 
as a warning signal, a buzzer to which the subject 
reacted by slipping his index finger off a telegraph key, 
an electrical chronoscope calibrated in hundredths of a 
second to measure the reaction time and a device to 
control the lengtli of the preparatory intervals. This 
device was a synchronous motor polygraph which drove 
a punched paper tape. Completion of an electrical cir- 
cuit through holes in the tape flashed the warning light 
and, at the end of the proper preparatory inter\'al, 
sounded the buzzer. Simultaneously with the sounding 
of the buzzer the chronoscope started. It was stopped 
when the subject reacted. Five preparatory interv’als 
were used; two, three and a half, five, ten and twenty 
seconds. These were presented in two ways. In the 
regular procedure all the reactions to any preparatory 
interval were given together. The order of presentation 
by inter\’als was; three and a half, ten, five, two and 
twenty seconds. Twenty reactions to each inter\"al were 
taken. After each group of twenty reactions, the sub- 
ject was told a new interval was to be used. In the 
irregular procedure the preparatory intervals were pre- 
sented at random until twenty reactions to each inter- 
val were obtained. In this procedure the time between 
a reaction and the next -warning signal also varied. 
Practice sessions of ten reactions were given before 
both the regular and the irregular procedure. The 


instructions to the subject were worded so as to orient 
him toward the reaction movement rather than the 
stimulus, since “muscular” reactions are shorter and 
less variable than “sensorial” reactions.® Rest periods 
of about two minutes were given after each twenty 
reactions in both procedures. Each procedure took about 
forty-five minutes. The irregular procedure -was per- 
formed before the regular one in each session. 

Each subject was tested four times: In sessions 1 
and 2 there was no medication. In sessions 3 and 4 
each subject received 250 mg. of sodium amytal and 
10 mg. of amphetamine sulfate intravenously. The latter 
drug combats the sedative effect of sodium amytal, so 
that more time-consuming experiments may be per- 
formed." It should be noted that a maximal effect in 
each subject with a standard dose of the drugs would 
not be expected. However, the present study was pre- 
liminary, and it was thought that if changes in mental 
set could be measured by the suggested technic, the 
effect should be revealed with somewhat smaller than 
maximal doses. After the drugs were injected, a period 
of thirty minutes was allowed for the acute effects to 
wear off. In the final analysis of the results, session 2 
(without amytal) was compared with session 4 (with 
amytal). This was done to yield somewhat less vari- 
able material. Session 1 seemed to show some practice 
effects, as did the first session with amytal (session 3). 
However, the general picture of the results remained 
the same regardless of what sessions with or without 
amytal were used for comparison. Owing to tearing 
of the punched paper tape on humid days and occa- 
sional failure of a subject to hold the telegraph key 
down for subsequent reactions, twenty reactions per 
preparatory interval were not obtained for every subject. 
Thus, from fifteen to eighteen reactions per interval 
were used in the statistical analysis, with each subject 
serving as his own control with respect to the number 
of reactions per interval. The average number of reac- 
tions per interval for all subjects was seventeen. 

RESULTS 

Without Drugs . — The performances of the two 
groups can be compared by examination of table 
1 and figure 1, in which means for the group, 
standard deviations of the means and mean coef- 
ficients of A^ariation are tabulated and plotted for 
the condition without amytal. 

From this material it may be seen that the 
mean reaction time of the patient group is longer 
than that of the control group in both procedures 
for all preparatory intervals. The differences be- 
tween the two groups are statistically significant 
at the 1 per cent lei'^el of confidence at each pre- 
paratory interval for the corresponding pro- 
cedures. 

A more interesting comparison is that the 
curves for the two procedures in the patient group 
cross, while in the normal group the curves are 
separate for all preparatory intervals, the means 

6. Woodworth, R. S. : Experimental Psychology, 
New York, Henry Holt & Company, Inc., 1938, PP- 
306-308. 

7. Gottlieb, J. S., and Coburn, F. E. ; Psychophar- 
macologic Study of Schizophrenia and Depressions, 
Arch. Neurol. & Psychiat. 51:260-263 (Alarch) 1944. 
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for the regular procedure being always shorter. 
In the patient group at the two second interval 
the difference in the two procedures yields a 
statistical level of confidence of 2 per cent, but 
at all other intervals the diff'erences are not 
significant enough to warrant statistical confi- 
dence. These figures are 2, 40, 60, 20 and 80 
per cent for the two, three and a half, five, ten 
and twenty second inteiwals respectively. For 
the control subjects, on the other hand, the levels 
of confidence for the differences between the two 
procedures are 1, 1, 2, 5 and 70 per cent for the 
two, three and a half, five, ten and twenty second 
intervals respectively. These levels of confidence 
for the control group are a reflection of the fact 
that as the preparatory interval increases in 
length the means of the regular procedure ap- 
proach those of the irregular procedure. 

These findings confirm the results of previous 
experiments of this type."' They are interpreted 


ever, it becomes increasingly difficult to hold the 
set to react at a high level of preparation, arid 
the means of the regular procedure approach 
those of the irregular procedure. In the patients, 
on the other hand, the ability to maintain the set 
to react is poorer; the differences between the 
means of the procedure are less at the shorter 
intervals than those for the control subjects, and 
the curves of the two procedures join or cross 
at shorter intervals (fig. 1). 

With Drugs . — The behavior and the spon- 
taneous comments made by each subject during 
the amytal sessions were recorded. After injec- 
tion of the drugs the control subjects complained 
of light headedness, blurring of vision and slight 
numbness and weakness of the arms and legs. 
Their gait was somewhat unsteady and speech 
was slow and slurred. They were extremely 
talkative and stated that they felt less motivated 
to do well in the experiment and that it was more 


Table 1. — Mean Reaction Times,- Standard Deviations and Mean Coefficients of Variation in Hundredths of 
a Second bv Preparatory Intervals for Regular and Irregular Procedures Without Sodium Amytal 


Preparatory Intervals 


•2 Seconds 3.5 Seconds 5 Seconds 10 Seconds 20 Seconds 

i- - — ^ ^ — * . — A _ 


r 

Mean 

S. D. 

C. V. ' 

r 

Mean 

S. D. 

C. V. ' 

Mean 

S. D. 

C. V. ' 

Mean 

S. D. 

C. V. ' 

Mean 

S. D. 

C. V. 

Patient Group 
















Regular 

procedure 

31.00 

0.85 

12.91 

32.33 

5.10 

14.53 

33.10 

0.92 

12.15 

30.12 

7.01 

15.24 

35.50 

0.90 

10.30 

Irregular 

procedure 

33.02 

5.4S 

10.20 

33.27 

5.29 

10.10 

33.07 

5.73 

14.74 

33.70 

5.75 

17.41 

35.22 

0.43 

14.45 

Control Group 
















Regular 

procedure 

20.13 

2. SO 

14.80 

21.18 

2.98 

13.20 

22.44 

4.02 

13.49 

23. CO 

3.33 

14.25 

25.25 

4.05 

12.03 

Irregular 

procedure 

20.3.8 

2.82 

14.30 

25.41 

2.85 

12.40 

25.47 

2.99 

12.15 

25.84 

2.51 

13.54 

25.73 

2.01 

14.78 


to mean that normal subjects are able to maintain 
the set to react at a higher degree when a pre- 
paratory interval of constant length (regular 



Fig. 1. — Mean reaction times of schizophrenic and 
normal subjects without sodium amytal. In this figure, 
and in figure 2, the curve for the regular procedure is an 
unbroken line; the curve for the irregular procedure, a 
broken line. 

procedure) is used than when the preparatory 
interval varies haphazardly (irregular proce- 
dure). As the interval increases in length, how- 


difficult to keep oriented toward the task. The 
patients complained of similar initial changes, 
but they verbalized these less than the control 
subjects. Objectively, they were more talkative 
and seemed to have increased social and self con- 
fidence after injection of the drugs. Their 
speech content tended to be more relevant, their 
attention better and their affect warmer. 

Table 2 and figure 2 present the mean reaction 
times, the standard deviations of the means and 
the mean cofficients of variation by intervals for 
both procedures with amytal. 

The effect of the drug in the normal group was 
to increase the reaction time in both procedures 
for every preparatory interval. The shortest 
reaction times were found in this group with the 
shortest preparatory intervals of the regular 
procedure. The curve of the regular procedure 
shows a tendency to rise as the preparatory inter- 
vals increase. The mean values for the irregular 
procedure are everywhere longer than those for 
the regular procedure. The differences between 
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the means of the two procedures have statistical 
levels of confidence of 1, 1, 5, 20 and 10 per cent 
for the one, two, three and a half, ten and twenty 
second inter\’-als respectively. In general, then, 
the normal group produced curves of the means 
with amytal very similar to those without amytal 
except that both curves with amytal represented 
slower reaction times than the curves without 
amytal. This is interpreted as meaning that un- 
der amytal sedation these subjects were still able 
to profit by a constant preparatory interval and 
reacted more quickly than with random variations 
of the preparatory interval. 

In the group of patients the curA>'e of the regu- 
lar procedure shows a gradual rise with increas- 
ing length of the preparatory interval. The curve 
of the irregular procedure is practically flat. The 
point of special interest about these curves is 
that they are separate for all preparatory inter- 
vals, producing a picture similar to that for the 
control subjects. The statistical levels of confi- 


lar or in the irregular procedure? Examination 
of the mean values shows that the principal effect 
of the amytal was to shorten the reactions in the 
regular procedure to the longer intervals, i. e., 
to the five, ten and twenty second intervals, while 
the reactions to the two and three and a half sec- 
ond intervals revealed little difference between 
the situation with amytal and that without amytal. 
In the irregular procedure there was a slight 
tendency for the means to be longer with than 
without amytal. These results seem to indicate 
that the patients were able, under the influence 
of the drug, to profit primarily from the constant 
preparatory inten^als and to maintain a better 
readiness to react. 

Examination of the standard deviations of the 
means (tables 1 and 2) indicates that the patients 
as a group showed more variability for all inter- 
vals than did the control subjects. In both groups 
the effect of amytal was to increase the variability 
for all intervals in both procedures. The means 


Table 2. — Mean Reaction Times, Standard Deviations and Mean Coefficients of Variation in Hundredths of 
a Second by Preparatory Intervals for Regular and Irregidar Procedures with Sodium Amytal 


Preparatory Intcn’nls 



2 

Seconds 

K 


3.5 Seconds 


5 Seconds 

A 


10 Seconds 

X _ 

20 Seconds 

- 

Patient Group 

Mean 

S. D. 

C. V. ' 

Mean 

S. D. 

C. V. ' 

/ 

Mean 

S.I). 

0. V. ' 

Mean 

s. r>. 

C. V. ’ 

! 

Mean 

s.n. 

C. V. 

Beguiar 

procedure 

S1.7S 

8.41 

11.17 

32.34 

8.44 

10.77 

32.35 

8.33 

10.75 

32.93 

8.13 

10.80 

33.40 

7.88 

13.36 

Irregular 

procedure 

35.87 

7.19 

13.01 

33.82 

7.26 

11.10 

34.62 

8.05 

12.81 

34.78 

7.54 

12.10 

35.95 

7.11 

15.55 

Control Group 
















Regular 

procedure 

23.02 

4.30 

14.49 

23.76 

4.90 

12.64 

24.41 

5.46 

10.52 

25.97 

5.59 

12.89 

20.33 

5.13 

11.17 

Irregular 

procedure 

25.84 

5.31 

14.61 

27.83 

5.41 

13.21 

28.28 

5.25 

13.21 

28.04 

5.29 

13.09 

28.69 

5.07 

13.24 


dence which attach to the differences in means of 
the two procedures are 2, 20, 10, 20 and 5 per 
cent for the two, three and a half, five, ten and 



Fig. 2. — Mean reaction times of schizophrenic and 
normal subjects with sodium amytal. 

twenty second inter\'als respectively. These val- 
ues are in considerable contrast to those found 
in the condition without amytal. 

Is the separation of the curves of the patient 
group primarily caused by a change in the regu- 


of the coefficients of variation, which express 
variability in relation to the magnitude of the 
means, indicate that the effect of amytal was to 
make the reactions of the control group and those 
of the patients somewhat more consistent with 
their own mean values. 

It is interesting, also, to survey individual per- 
formances in the two groups. In the condition 
without amytal, 1 patient had shorter reaction 
times in the regular procedure than in the irregu- 
lar procedure for every preparatory interval. This 
patient was the most normal clinically. Another 
patient who had not received amytal showed no 
separation of the curves of the two procedures 
for either short or long intervals. For the remain- 
ing 7 patients the curves for the shorter' inter- 
vals were separated but those for the longer inter- 
vals were merged. With amytal, however, 5 pa- 
tients had separation of the curves of the two 
procedures for all inteiwals ; 2 patients, for every 
interval but one, and 2 patients, for three of the 
five inten'als. Of the control subjects without 
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amytal, the curves for 3 were separated for all 
intervals ; for 3 others, through the ten second in- 
tervals, and for 1 through the five second inter- 
val. The curves for 1 control subject tended to 
merge after the three and a half second interval, 
and for 1, after the two second interval. Of the 
control subjects with amytal, the curv^es were 
separated throughout for 6, through the ten sec- 
ond interval for 1 and through the five second in- 
terval for 2. 

SUMMARY AXD CONCLUSIONS 

The present experiment was performed in an 
attempt to quantif}’’ the improvement in attention 
(mental set) observed clinically in schizophrenic 
patients who have received intravenous injections 
of sodium amytal. The auditor}^ reaction time 
was obtained under two types of conditions. In 
one condition, the regular procedure, the length 
of the preparator}^ interval, i. e., the time between 
a visual warning signal and the auditory reaction 
stimulus, was constant for all the reactions to 
that inten^al. In the second condition, the irregu- 
lar procedure, the length of the preparatory inter- 
val A^aried haphazardly. Five preparatory inter- 
vals were used: tAvo, three and a half, fiA’’e, ten 
and twenty seconds. Nine schizophrenic patients 
and 9 normal persons sensed as subjects. Each 
subject was tested with and without intravenous 
administration of 250 mg. of sodium amytal and 
10 mg. of amphetamine sulfate. 

Our results confirm the work of earlier investi- 
gations in which no drugs were used. The reac- 
tion time of the patient group was significantly 


longer than that of the control subjects in both 
procedures. The control group reacted more 
quickty in the regular procedure than in the ir- 
regular procedure for all preparatory intervals. 
The patient group failed to react more quickly in 
the regular procedure after the five second pre- 
paratory interval. With medication the normal 
group continued to react more quickly in the 
regular procedure than in the irregular proce- 
dure for all preparatory intervals. The patient 
group, with medication, had reaction times which 
were significantly longer in both procedures than 
those of the control group. However, in contrast 
to their behavior without medication, they now 
reacted more quickly in the regular procedure 
than in the irregular procedure for every prepara- 
tory interval. 

It is concluded from these results, first, that 
the schizophrenic patients as a group suffer from 
inability to attain as high a level of mental set 
as do normal subjects and that they do not main- 
tain the level of preparation they attain as long 
as controls. Second, the reaction time technic 
may be used to measure one aspect of the im- 
provement seen clinically (improvement in atten- 
tion) in schizophrenic patients when sodium amy- 
tal is injected intravenously. Third, the improve- 
ment is such as to produce a normal relationship 
between the reaction times of the regular and 
those of the irregular procedure. 

Dr. J. R. Knott assisted in constructing the appa- 
ratus, and Dr. C. R. Strother gave statistical advice. 

Iowa State Psychopathic Hospital. 



EFFECTIVENESS OF DIPHENYLHYDANTOIN IN MANAGEMENT OF 
NONEPILEPTIC PSYCHOMOTOR EXCITEMENT STATES 

F. A. FREYHAN, M.D. 
farnhurst, del. 


The present report is based on an investiga- 
tion by Kalinowsky and Putnam ^ which revealed 
that diphenylhydantoin sodium is capable of pro- 
ducing distinct changes in behavior in nonepi- 
leptic psychotic patients. In view of the observa- 
tions of Blair, Bailey and McGregor - and of 
McEachern,® who found that this dru.g could 
transform querulous, moody and irritable epileptic 
patients into pleasant, agreeable and congenial 
persons, it seemed appropriate to study the effect 
of diphenylhydantoin on certain mental symptoms 
of other origin. Kalinowsky and Putnam selected 
60 patients representing chiefly cases of schizo- 
phrenia and manic-depressive psychosis. The 
duration of the treatment was from two to five 
weeks, during which time all other therapeutic 
methods, including psychotherapy, were pur- 
posely omitted, so that the effects of diphenyl- 
hydantoin could be accurately observed. The 
initial daily dose was usually 3 to 4 capsules of 
diphenylhydantoin sodium, 0.1 Gm. (Ij4 grains) 
each. After two days the dose was increased 
to 5, and later to 6, capsules daily. Improve- 
ment occurred in more than 50 per cent of the 
patients during the period of treatment. This 
improvement was manifested by diminution of 
excitement and psychomotor hyperactivity almost 
irrespective of the type of psychosis. The authors 
concluded that diphenylhydantoin sodium has a 
purely symptomatic action on states of excite- 
ment in various psychoses and recommended 
further study of the usefulness of the drug for 
psychotic states. 

PRESENT INVESTIGATION 

The following report is based on a prolonged 
observation of the behavior patterns of a variety 
of nonepileptic psychotic patients who were 
treated with diphenylhydantoin sodium. It was 
originally intended to select a large group of 

From Delaware State Hospital. 
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patients consisting of clinic patients under treat- 
ment for various psychoneurotic states of tension 
and excitement arid of hospital patients repre- 
senting the major psychoses. This plan, how- 
ever, had to be abandoned, since a number of 
selected clinic patients did not report regularly 
enough to permit reliable conclusions. Further- 
more, a proper evaluation of the effect of the 
drug on a number of hospital patients proved 
difficult because the behavior pattern of these 
patients was not well enough known. Kalinowsky 
and Putnam stressed the difficulty of judging 
results in treatment of mental disorders. Since 
many states of excitement in psychotic patients 
subside spontaneously, it is often impossible to 
attribute favorable responses to the specificity of 
a drug or of any kind of treatment. It was 
therefore decided to obtain the highest possible 
degree of accuracy in evaluating the effect of 
diphenylhydantoin by selecting a smaller number 
of patients and studying their behavior pattern 
previous to, during and following treatment with 
the drug. 

Forty patients were chosen for this investigation, 
which lasted one year. Special behavior charts were 
devised to register every kind of activity and change 
in attitude on a daily basis. Every patient was seen 
twice daily, and additional observations were made by 
the specially instructed ward nurses. Capsules of 
diphenylhydantoin sodium, 0.1 Gm. (1J4 grains) each, 
were used exclusively. The importance of individual- 
izing the dose of the drug was soon recognized. The 
initial daily dose varied from 3 to 5 capsules. In cases 
of acute manic or catatonic excitement the larger dose 
was used at the start of the treatment. In cases of less 
acute excitement the dose was gradually increased from 
3 to 6 capsules over a period of from three to six days. 
The maximum daily dose was 6 capsules. 

The average duration of the treatment was from two 
to five weeks. The patients who showed the best 
responses had repeated courses of treatment with the 
drug during the year of observation. The repetition 
of the treatment seemed the best method of eliminating 
coincidental factors from evaluation of the effectiveness 
of the drug. 

For the 40 selected patients the following diagnoses 
had been made : 


Manic-depressive psychosis, manic type 6 

Schizophrenia, catatonic type 1“* 

Schizophrenia, paranoid type.. 7 

Schizophrenia, hebephrenic type 4 

Mental deficiency, excitement states 6 

Dementia paralytica, excitement states 2 

Postencephalitis, excitement state 1 


40 
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The patients u-ere chosen according to the 
presence of phenomena of psychomotor excite- 
ment., which they had in common regardless of 
the type of psychosis. The selection was arbitrary, 
as many patients who would have been excellent 
subjects for this study had to be excluded because 
they did not cooperate well enough to take the 
drug regularly. In the following analysis of the 
data of this study, more emphasis is placed on 
the types of responses than on statistical evalua- 
tion of the material. A purely statistical analysis 
would not do sufficient justice to the differences 
in the individual psychopathologic phenomena 
and would be handicapped by tbe relatively small 
total number of patients. The experience with 
these patients leads to the conclusion that it is 
the quality of responses rather than the number 
of improved patients which provides material for 
evaluation of the efficacy of diphenylh 3 'dantoin 
sodium in the treatment of nonepileptic psychoses. 

ANALYSIS OF DATA 

Affective Psychosis . — Of the group with manic- 
depressive psychoses. 4 patients showed doubtful 
responses. Manic excitement disappeared during 
the weeks of treatment with diphenylhydantoin ; 
the improvement, however, was neither prompt 
nor necessarily specific, since each of these 
patients showed spontaneous remissions of manic 
attacks during the one year period of observa- 
tion. The fifth patient responded promptly and 
had complete disappearance of manic excitement ; 
the manic phase was followed almost immediately 
by a depression, which did not respond to 
diphenylhydantoin. The sixth patient, differing 
from the others in the manifestations of the 
psychosis, showed a most favorable response to 
tbe drug, which proved to be specific, as could 
be demonstrated during four courses of the treat- 
ment. This case will be described in detail 
because it illustrates some essential facts about 
the type of patient u'ho is most responsive to 
diphenylhydantoin. 

Case 1. — The 54 year old white woman, M. A., 
had been in a perpetual state of pronounced motor 
restlessness since she was admitted to the Delaware 
State Hospital, four years prior to this report. She 
was born in Poland, and facts about her personal and 
family history are scant. She is known to have been 
restless, moody and irritable throughout her life. After 
the death of her husband, in 1940, she became over- 
active and began to talk in a flighty and irrelevant 
fashion. She sang and danced almost constantly, re- 
fused to go to bed at night, became generally unmanage- 
able and was admitted to the Delaware State Hospital 
Feb. 26, 1941. On admission she appeared elated, was 
very restless and sang, danced and exposed herself on 
every possible occasion. She grew steadily more excited 
and had to be transferred to a' ward for disturbed 
patients. Neither hydrotherapy nor metrazol or electric 


shock therapy influenced the excitement state effectively. 
It became necessary to restrain her and to control her 
immense restlessness with strong doses of sedatives, as 
she would climb up window screens and turn somer- 
saults with such violence that she sustained bruises and 
abrasions all over her body. She masturbated exces- 
sively^ in an cxhibitionistic manner. 

Medication with diphenylhydantoin sodium was in- 
itiated with 4 capsules, but the dose was increased to 
6 capsules within three days. Her condition remained 
without significant change for the first eight days and 
then showed a steady decrease of motor activity. lie- 
straints became unnecessary as the patient was able to 
sit in a chair without signs of restlessness. She co- 
operated well for the first time since her admission 
to the hospital. Other phenomena of her psychosis, 
such as elation and flightiness of associations, remained 
unchanged. This striking improvement was not main- 
tained for more than four or five days after the medi- 
cation was discontinued. She again became extremely 
disturbed and remained so in spite of another course 
of electric shock treatment. Treatment with diphenyl- 
hydantoin was resumed after an interval of two months ; 
again the patient .showed prompt improvement. Two 
more courses of treatment with the drug were given, 
and equally satisfactory results were obtained, as psy- 
chomotor disturbances were notably decreased and the 
patient was able to adjust to the ward life while being 
treated with the drug. Since no spontaneous remissions 
occufred at all, the disappearance of psychomotor excite- 
ment can be attributed to the specific action of diphenyl- 
hydantoin. 

Schizophrenic Psychosis. — Kalinowsky and 
Putnam obtained the best responses with cata- 
tonic excitement states. The same observation 
was made in this investigation. Catatonic patients 
with sudden outbursts of assaultive and destruc- 
tive' behavior, with screaming spells or sexual 
excitement, reacted by far more favorably than 
patients with predominantly negativistic, stupor- 
ous behavior, who were essentially uninfluenced. 
In the schizophrenic group, 3 patients showed 
pronounced improvement; 3, moderate improve- 
ment, and the rest failed to exhibit any appreci- 
able change in behavior. Closer study of the phe- 
nomena of the psychoses of -these patients sug- 
gests that persons whose p.sychomotor excitement 
is caused by the fundamental, primary distur- 
bance of the disease process react more favorably 
than those whose excitement state is a reaetjon 
to the accessory, psychogenic factors. The fol- 
lowing case represents such a type of primary 
psychomotor excitement. 

Case 2. — The 36 year old white woman, R. C., had 
been in the Delaware State Hospital since Nov. 6, 
1930. The family history is noncontributory except for 
the fact that her father is described as “excitable and 
peculiar.” As a young girl the patient was reserved 
and shy and showed early signs of increasing intro- 
version. She became seclusive after leaving school, had 
spells of complete withdrawal and expressed bizarre and ‘ 
persecutory ideas. Temper tantrums and fainting spells 
are mentioned in her history. In the hospital she fre- 
quently had states of psychomotor excitement. During 
the past few years she had been mute, assumed rigid 
posture,s, masturbated excessively and screamed wildly 
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wlien approaching orgasm. She was always extremely 
tense and attacked other patients in an explosive fashion. 
There was no favorable response to shock treatments. 

Treatment with diphenylhydantoin sodium was started 
with 5 capsules daily. The amount was increased to 
6 capsules daily within three days, and this dose was 
maintained for four weeks. The patient went into a 
state of catatonic stupor and had complete disappear- 
ance of psychomotor activity. She stopped masturbating 
and remained completely passive. When medication was 
discontinued, she. again showed all the features of 
catatonic excitement. Another course of treatment with 
the drug was started after an interval of two months; 
again, an almost total disappearance of psychomotor 
activity was observed. Diphenylhydantoin stopped the 
urge to masturbate, a practice in which the patient had 
been engaged almost constantly and which had proved 
refractory to hydrotherapy, shock treatments and ad- 
ministration of sedatives. The impression was con- 
veyed that excessive masturbation in this case was 
primarily a symptom of the generalized psychomotor 
excitement and to only a minor degree an expression 
of autoerotism. Similar observations during treatment 
with diphenylhydantoin were made on a number of 
patients. 

The paranoid patients did not show any sig- 
nificant improvement. In this group the excite- 
ment was usually a secondary reaction to 
manifestations of the psychosis, to ideas of 'per- 
secution or to auditory or visual hallucinations 
and remained uninfluenced by treatment with 
diphenylhydantoin. Daily observations on these 
patients showed such variety in precipitation and 
duration of excitement states that in the few 
cases in which a decrease of excitement occurred 
during the period of treatment it did not seem 
justified to give the credit to diphenylhydantoin. 

Of the hebephrenic patients, 1 showed moderate 
improvement. This woman was overactive, gave 
silly performances of dancing and grimacing and 
showed occasionally assaultive tendencies. Dur- 
ing treatment with diphenylhydantoin she became 
distinctly more passive and appeared preoccu- 
pied. The course of • treatments could not be 
repeated, as the patient, again overactive and 
silly, refused to take the drug regularly. 

Excitement States Accompanying Mental De- 
ficiency . — For six patients the diagnosis of mental 
deficiency with psychosis was made. For psychi- 
atric purposes, this classification lacks differen- 
tiation of the psychopathologic manifestations. 
It seems appropriate, therefore, to subclassify 
these patients according to the behavior type. 
Two were hebephrenic; 2 were catatonic; 1 was 
paranoid, and 1 was manic. All the patients had 
excitement states. The results of treatment with 
diphenylhydantoin were variable and not dis- 
tinctly convincing in 5 patients. However, an 
excellent result was obtained with the manic 
patient, whose case will be presented in detail. 

Case 3. — ^The now 45 year old white woman, M. T., 
was admitted to the Delaware State Hospital on Oct. 8, 
1937. The family history revealed several cases of 


alcoholism and mental deficiency. The patient was 
always restless but became especially irritable during the 
menstrual period. She became increasingly restless and 
talked continuously but was kept at home as long as 
the family was able to supervise her. After the death 
of the mother, however, she became actually disturbed, 
refused to go to bed at night and kept the family 
awake through constant talking. On admission she 
appeared agitated, elated, untidy and assaultive and had 
to be put in a ward for disturbed patients. She became 
somewhat more cooperative during tlie years after her 
admission, but she remained restless and noisy. She 
was unable to sit still, rocked back and forth, talked in 
a rambling fashion and produced screaming or barking 
noises in a staccato fashion. 

Treatment with diphenylhydantoin was started with 
4 capsules daily, and the dose was increased to 6 
capsules within three days. A steady decrease of rest- 
lessness and noisiness was observed, and within a week 
the patient appeared more controlled than at any time 
prior to the treatment. On the twenty-second day of 
the treatment a generalized macular exanthem devel- 
oped, and she complained of pruritus. The temperature 
and the blood count remained normal. Administration 
of diphenylhydantoin was discontinued, and the skin 
cleared in a few days. The improvement in behavior 
did not last for more than three to four days after 
the drug was discontinued. .A second course of treat- 
ment with diphenylhydantoin was started after three 
months, but the daily maintenance dose was reduced to 
4 capsules. Again, she responded favorably, as rest- 
lessness and noisiness disappeared within ten days. She 
still talked to herself and remained somewhat elated 
and flighty, but she was not disturbed. Medication was 
discontinued after twenty-six days because she com- 
plained of dizziness and itching sensations. A third 
course of treatments was again successful but had to be 
discontinued after three weeks, as she again complained 
of dizziness and became ataxic. Improvement of be- 
havior never lasted longer than a few days after 
medication was discontinued. Except for her apparent 
idiosyncrasy to diphenylhydantoin, the patient responded 
most favorably to the treatment. This result was un- 
doubtedly due to the specific action of the drug, since she 
had not shown similar improvement either spontaneously 
or with other treatments. 

Orga7iic Psychosis . — Three patients with an 
organic type of psychosis, 2 with dementia para- 
lytica and 1 with a postencephalitic behavior 
disorder were included in this investigation 
because they showed pronounced psychomotor 
disturbances. One of the patients with dementia 
paralytica, who was generally deteriorated, went 
through phases of manic excitement. No definite 
improvement was observed during treatment with 
diphenylhydantoin. The other patient with de- 
mentia paralytica was rather dull and listless but 
had frequent spells of excitement and screaming, 
which seemed to represent reactions to halluci- 
nations. Diphenylhydantoin did not improve 
this condition. The patient with a postenceph- 
alitis disturbance was given the drug because 
of the unsatisfactory results with scopolamine 
and other . related drugs. Diphenylhydantoin 
sodium was administered alone and in addition 
to scopolamine. No improvement occurred with 
either type of medication. 
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COMMENT 

KaHnowsl'C}^ and Putnam concluded that di- 
phenylhydantoin sodium has an effect on dis- 
turbances of mood, not only in epilepsy but in 
various other t3^pes of psychoses, and they ex- 
pressed the belief that this fact contributes to 
the accumulating evidence of a chemical concept 
of both epilepsy and the major psychoses. The 
organic concept of these psychoses has been 
supported by various recent electroencephalo- 
graphic studies. It would have been desirable 
to -study the electroencephalographic patterns of 
the patients prior to, during and after treatment 
with diphenylhydantoin in order to gain a more 
objective knowledge of the cerebral dysfunction 
and of the influence of this drug on abnormal 
electroencephalographic rhythm. It appeared, 
however, most difficult to find a practical solution 
to the problem of obtaining reliable records from 
disturbed and uncooperative patients. Some 
essential facts about the specific action of di- 
phenylhydantoin were determined by correlating 
psychopathologic phenomena with positive and 
negative reactions to the drug. It was empha- 
sized earlier in this report that a merely statistical 
evaluation of the results of this study would be 
misleading because it would not do justice to 
the striking differences in psychopathologic symp- 
toms, From a quantitative viewpoint, only a 
small number of patients showed favorable re- 
sults. A qualitative analysis of the cases, how- 
ever, seems to indicate that a certain type of 
patient reacts in a specific fashion to diphenyl- 
hydantoin. The advantage of the one year period 
of observation was twofold : Spontaneous remis- 
sions were excluded by a repetition of the course 
of treatments, and an intimate knowledge of the 
individual symptoms of every patient was gained. 
This knowledge of the behavior patterns of the 
patients provided the basis for a more thorough 
understanding of the nature of the excitement 
states. It soon became evident that the action 
of diphenylhydantoin on states of excitement is 
not symptomatic per se but depends on the nature 
of the excitement state. Only excitement states 
which seemed to be cattsed by the fundamental 
factors of the psychosis reacted to the drug, 
whereas states of excitement representing re- 
actions to secondary, i. e., psychogenetic, factors 
remained uninfluenced. It is not overlooked that 
reactions of the second type are psychopathologic 
phenomena, expressing a particular person’s way 
of adjustment to a certain situation. The excite- 
ment of the first type, however, seems to be 
caused b\^ a more fundamental, i. e., pathophysio- 
logic, disturbance. One is led to believe that 
states which react favorably to diphenylhydantoin 


belong exclusively to this type. This observa- 
tion gives support to the concept of the “funda- 
mental disturbance” in the psychoses which was 
introduced by a number of authors, notably, 
Bleuler,'* Birnbaum ° and Kiippers.® Further 
objective evidence in this direction can be found 
in electroencephalographic studies of Finley,’’ 
who succeeded in obtaining tracings during and 
between psychotic episodes. He reported, for 
instance, a case of catatonic excitement in which 
rapid frequency occurred during a state of emo- 
tional turmoil and decreased notably when the 
condition was in remission. 

Interesting observations were made with intra- 
venous injections of sodium amytal. Patients 
with excitement states of the primary type showed 
no significant change in talk or behavior while 
under the influence of sodium amytal, but patients 
whose excitement states were reactions to psy- 
chogenic factors often appeared considerably re- 
laxed and more responsive. This observation 
supports the belief that in treatment with di- 
phenylhydantoin the hypnotic action can be dis- 
regarded. 

Electric shock therapy did not seem to be 
favorably influenced by previous treatment with 
diphenylhydantoin. Kalinowsky and Putnam 
reported that subsequent electric shock treat- 
ments in several instances led to a remission 
after only one convulsion, and they planned sys- 
tematic attempts at medication with diphenyl- 
hydantoin prior to shock treatment. According 
to experience with patients selected for this 
investigation, previous treatment with diphenyl- 
hydantoin rendered the patient more resistive, 
and duration of shock and voltage often had to 
be increased. The number of convulsions needed 
before improvement took place was not decreased 
and varied greatly. 

If one observes psychotic patients daily for 
a year, one cannot fail to notice that many types 
of favorable changes occur spontaneously, and 
one becomes progressively immune to therapeutic 
positivism. Many cases, thought to be thera- 
peutic successes, were disregarded because the 
patients showed equally favorable reactions dur- 
ing the intervals between treatments. On the 

4. Bleuler, E. : The Physiogenic and Psychogenic 
in Schizophrenia, Am. J. Psychiat. 10:203, 1930. 

5. Birnbaum, K, : Kriminal-Psychopathologie, Ber- 
lin, Julius Springer, 1921, 

6. Kiippers, E. : Ueber den Begriff der -Grund- 
stbrung und seine Bedeutung fur die Einteilung und die 
Lokaldiganose der Geisteskrankheiten, Arch. f. Psychiat. 
99:1, 1933. 

7 . Finley, K. H. : On the Occurrence of Rapid 
Frequency Potential Changes in the Human Electro- 
encephalogram, Am. J. Psychiat. 101:194, 1944. 


374 


ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


Ollier hand, greater significance could be attrib- 
uted to the cases in which 'the reaction could 
be considered positive after all coincidental fac- 
ors had been eliminated, because here it was 
certain that diphenylhydantoin exerted a specific 
influence. 

In his discussion on the paper in which he 
reported diphenylhydantoin sodium to be an 
effective anticonvulsant, Putnam stressed tbe 
fact that there were several kinds of convulsions 
and suggested that there should be several types 

8. Merritt, H. H., and Putnam, T. J. :■ Sodium 
Diphenyl Hyclantoinate in the Treatment of Convulsive 
Disorders, J. A. M. A. 111:1073 (Sept. 17) 1938. 


of medication to control them. It now seems that 
there are different kinds of nonepileptic psycho- 
motor excitement states, some of which are 
caused by pathophysiologic disturbances and can 
be controlled with diphenylhydantoin. P'urther 
studies on the usefulness of this drug for these 
specified psychotic states promise to contribute 
to the chemical treatment pf the psychoses, as 
well as to the further clarification of an organic 
conce))! of the major psychoses. 

The diphenylhydantoin sodium was supplied by 
Parke, Davis & Company, Detroit. 

Delaware State Hospital. 



THE HUMAN PYRAMIDAL TRACT 

XI. CORRELATION' OF THE BABINSKI SIGN AND THE PYRAMIDAL SYNDROME 
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The present study is an attempt to correlate 
the symptoms and signs of the pyramidal tract 
syndrome with the Babinski reflex. A destruc- 
tive upper motor neuron lesion involving the 
pyramidal bundle has been said traditionally to 
produce the following abnormalities: paralysis 
of the spastic type; hyperactive tendon reflexes; 
loss of the superficial abdominal and cremasteric 
reflexes ; appearance of certain pathologic re- 
flexes among which is the extensor toe sign 
of' Babinski, and, finally, absence of the reaction 
of degeneration in tlie peripheral nerves. Paraly- 
sis, the most important feature of tlie syndrome, 
is -defined as loss of the power of movement. 
Evidence is accumulating that the Babinski sign 
can be elicited by general suppression or inhibi- 
tion of somatic nerve activity. If the pyramidal 
tract is entirel}'' involved in the mechanism of 
production of this extensor toe sign, one can 
be more specific and say that possibly a physio-' 
logic block of nervous energy in the tract is the 
causative factor. For example, the Babinski 
reflex can be produced in deep sleep; it can be 
elicited during a certain stage in the pharma- 
cologic action of such drugs as pentobarbital 
sodium and scopolamine ; prolonged physical 
exertion predisposes to its appearance ; the reflex 
is present in hypoglycemic shock, it exists po- 
tentially in cases of loss of blood in certain 
quantities from injured vessels, which may be 
located remote from the site of the central 
nervous system, and the indications are that a 
temporary sign may be produced on proper 
stimulation in some systemic and neurologic dis- 
eases. The voluntary striated muscles in many 
of these situations are merely in a state of flaccid 
quiescence; and if the causative factor is reme- 
died in time, the extensor toe sign reverts to 
the normal flexor type, with no residuum of 
motor deficit. If suppression; as well as de- 
struction, of somatic neurons in the central ner- 

From the Department of Anatomy, Medical College 
of the State of South Carolina. 

This work was aided by a grant from the Committee 
on Scientific Research of the American Medical Asso- 
ciation. 


vous system is a possible factor in the produc- 
tion of the Babinski reflex in some disease 
processes affecting the central nervous system, 
then variable voluntary motor deficits might be 
expected to occur. The literature has been can- 
vassed for reports of cases in which the Babinski 
sign was exhibited, in an attempt primarily to 
test the validity of this assumption. 

MATERIALS AND METHODS 

Reports of 1,600 individual cases of the pyramidal 
tract syndrome in each of which either a unilateral or 
a bilateral Babinski sign was exhibited were collected 
from the Archives, the Journal of Nervous and Mental 
Disease and Brain. This sign has been correlated with 
the reported age and sex; the laterality; the somatic 
motor deficit; the state of tone of the muscles, and 
the activity of the tendon, abdominal and cremasteric 
reflexes. 

RESULTS 

In 1,008 of the 1,600 cases the condition was 
chronic; in 480, it was acute, and in 112 cases 
it could not be classified. The chronicity was 
determined on the basis of the onset of motor 
deficit rather than of any other feature of the 
disease process, whatever it may have been. 

In 915 cases the patients were males, in 624 
cases, females, and in 61 cases the sex was not 
mentioned. Thus the ratio of males to females 
was 1.5 to 1. 

In 216 cases the patients were between 1 and 
10 years of age; in 232 cases, between 11 and 20 ; 
in 231 cases, between 21 and 30; in 278 cases, 
between 31 and 40; in 297 cases, between 41 
and 50; in 215 cases, between 51 and 60; in 
93 cases, between 61 and 70, and in 18 cases, 
between 71 and 80. No case fell in the age 
group of 81 to 90 years ; 1 was in the group of 
91 to 100 and, finally, in 19 cases the age was 
not given. 

In 905 cases the Babinski reflex was bilateral ; 
in 682 cases it was unilateral, and in 13 cases 
no information as to the laterality was given. 
Thus the ratio of bilateral to unilateral recur- 
rence was 1.3 to 1. Of the 1,600 cases, the 
Oppenheim reflex was reported to be present 
in 83 ; the Chaddock sign, in 65 ; the Hoffmann 
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sign, in 57 ; the Gordon sign, in 34 ; the Rosso- 
limo sign, in 31 ; the Mendel-Bechterew sign, 
in 18, and the Schaflfer sign, in 6, a total of 
294 cases. 

In 984 cases the knee jerk was reported as 
hyperactive; in 209 cases, as hypoactive, and in 
32 cases, as normal, whereas in 375 cases it was 
not mentioned. 

Ankle clonus was described as present in 400 
cases, and the patellar clonus, in 70. cases. 

Spasticity occurred in 548 cases, whereas flac- 
cidity was characteristic in 87 cases. 

Absence of abdominal reflexes was reported 
in 628 cases and absence of the cremasteric 
reflexes in 96 cases. 

According to the descriptions, every degree 
of paralysis, when present, from slight to com- 
plete loss of the power of movement, goes hand 
in hand with the Babinski sign. In 51 cases 
the observers stated that they could not detect 
any somatic motor deficit on examination. In 
the great majority of cases, however, some 
degree of motor loss was present. In a number 
of cases the deficiency was confined to certain 
of the cranial muscles. Then, again, only mus- 
cles in the arm, or combinations of muscles of 
the head and arm, were paralyzed. In the lower 
extremities, voluntary motor deficit was classi- 
fied by clinical investigators according to dimin- 
ished strength in the muscles, to abnormalities 
in gait or to impaired movement. In some cases 
scientific terms were employed to designate loss 
of power of movement, such as hemiplegia, 
hemiparesis, paraplegia, paresis, palsy, tetra- 
plegia or monoplegia, but such instances were 
in the minority. 

Strength in the muscles was expressed by such 
terms as feebleness, weakness, impaired power, 
diminished power, weakness but no evident 
paralysis, fairly well preserved power, well pre- 
served motor power and loss of power. Some 
of the terms used to express faulty gaits were 
dragging of tire foot, inability to stand and 
walk, staggering, shuffling, unsteadiness, stum- 
bling, slowness, sluggishness, limping, strad- 
dling and lameness. Expressions used to describe 
movement were motionlessness, slowness, awk- 
wardness, clumsiness, feebleness and well pre- 
serv^ed and limited movement. 

Because there is evidence that suppression of 
nerve activity in the p 3 ’’ramidal tract alone or 
in combination with other tracts may be respon- 
sible for a potential Babinski sign, 199 cases 
were collected in which inhibition of somatic 
nerve activity was a possible factor. The dis- 
turbance was clinically classified as sleep, un- 
consciousness, coma, stupor, drowsiness and 


somnolence. In all (100 per cent) of 6 cases 
in which the patient was described as being in 
a state of sleep a bilateral Babinski sign was 
present. Corresponding values for the other 
states were as follows : unconsciousness, 35 of 
39 cases (89.7 per cent) ; coma, 55 of 63 cases 
(87.3 per cent) ; stupor, 28 of 33 cases (84.8 
per cent; drowsiness, 37 of 48 cases (77.0 per 
cent), and somnolence, 7 of 10 cases (70 per 
cent). The values for the entire series showed 
that in 168 of 199 cases, or 84.4 per cent, a 
bilateral Babinski sign was exhibited. 

COMMENT 

From the descriptions given in the reports 
of 1,600 cases with the Babinski sign, it is 
apparent that this reflex can be elicited in dis- 
ease conditions in which the state of the volun- 
tary striated muscles is judged to vary from 
normal to complete paralysis. In the majority 
of the cases there was some form of motor 
deficit, which, however, did not always involve 
the lower extremities. The motor loss was 
judged in terms of strength in the muscles, the 
appearance of the gait or the power of move- 
ment. 

The seven pathologic reflexes other than the 
Babinski sign played an insignificant quantitative 
role in the 1,600 cases studied. Collectively, 
they were reported in only 294 cases (19.6 per 
cent). 

The vai'ious pyramidal signs and symptoms 
which were reported can be graded with respect 
to their frequency in the following order : 
somatic motor deficit, 1,376 cases; hyperactive 
patellar reflex, 984 cases, absence of superficial 
abdominal reflexes, 628 cases; spasticity, 548 
cases; ankle clonus, 400 cases; hypoactive knee 
jerk, 209 cases; absence of cremasteric reflexes, 
96 cases ; flaccidity, 87 cases, and patellar clonus, 
70 cases. 

In this series, the ratio of male to females 
involved was 1.5 to 1. Whether this distribu- 
tion means that the motor system of the male 
is more susceptible to attack than that of the 
female is speculative. 

Cases of the chronic type were more numerous 
than those of the acute form, the proportion 
being 2,1 to 1. The chronicity was determined 
for the series by the onset of motor difficulties. 
Thus, in all cases in which there was evidence 
of motor deficit of more than two months’ dura- 
tion the condition was classified as chronic. 

The age factor in the series showed involve- 
ment in about an equal number of cases in each 
of the first six decades of life, and then there 
occurred a sharp fall between the seventh and 
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the tenth decade. The greatest actual number of 
cases was in the age groups of 41 to 50 years. 
One might expect the Babinski sign to be more 
prevalent in elderly persons, but it ma}^ be that 
not as many patients in the advanced age groups 
were examined. 

An interesting feature of the study was the 
evaluation of the Babinski sign in cases in 
which unconsciousness, coma, stupor, sleep, 
drowsiness or somnolence Avas reported. These 
conditions clinically seem to simulate the states 
produced by hypoglycemic shock, loss of blood 
or the pharmacologic action of such drugs as 
pentobarbital, in which the Babinski sign can 
be elicited. In these neurologically suppressed 
conditions, a bilateral Babinski sign was com- 
mon, occurring in S4.4 per cent of cases. In 
the entire series of 1,600 cases studied, the ratio 
of the incidence of a bilateral to that of a uni- 
lateral Babinski sign was 1.3 to 1. For the series 
of cases of coma, etc., the ratio was 5.4 to 1. 
The degree of general inhibition of nerve acthuty 
may be important, therefore, in the mechanism 
of the Babinski sign. It is possible that this 
reflex might have been elicited in 100 per cent 
of such cases had the attempt been made at a 
critical stage in the inhibitory process. The 
question arises : If general reduction of activity 
of the central nervous system can produce a 
state in which the Babinski sign may be elicited 
on stroking the outer portion of the sole, would 
local inhibition of the p)^ramidal tract without 
destruction do likewise? If the pyramidal bun- 
dle is concerned at all with the Babinski sign, 
I believe the latter ma}" be a distinct possibility. 

It is realized that the many clinicians who 
were involved in the present study did not select 
the majority of their cases for the purpose of 
investigating the pyramidal tract syndrome. The 
Babinski sign has been singled out in the litera- 
ture in the form of individual cases and corre- 
lated with the signs and symptoms long regarded 
as being due to destruction of the pyramidal 
tract. Within the limits of the survey, there 
is an indication that the Babinski reflex goes 
hand in hand with all shades of muscular activity, 
from that judged to be normal to complete 
paralysis. Also, it is possible that an inhibitor}'- 
factor may play a role in the mechanism of 
the Babinski reflex. In the absence of any 
extended investigations limited directly to the 
problem, it is believed that the over-all results 


of the study may indicate the true status of 
the Babinski sign in clinical medicine. 

CONCLUSIONS 

The’ results of a correlation ’ study of 1,600 
individual cases of the pyramidal tract syndrome 
in Avhich the Babinski sign was exhibited may 
be summarized as follows; 

1. The ratio of male to females was 1.5 to 1. 

2. The Babinski sign occurred most frequently 
in the age group between 41 and 50 years and 
rapidly diminished in frequency after the sixth 
decade of life. 

3. The proportion of cases of the bilateral 
Babinski sign to cases of the unilateral sign 
was 1.3 to 1. 

4. Of about 200 selected cases in which were 
exhibited various degrees of general suppression 
of somatic nerve activity, such as that which 
occurs in sleep, unconsciousness, coma, stupor, 
drowsiness and somnolence, the Babinski sign 
was bilateral in about 85 per cent. The ratio 
of cases of the bilateral to cases of the unilateral 
Babinski sign in this group was 5.4 to 1. 

5. All degrees of muscular activity, from the 
normal to complete paralysis, were judged to 
be present with the Babinski sign. 

6. The signs and symptoms, in the order of 
their frequency, were as follows: somatic motor 
deficit, hyperactive patellar reflex, absence of 

■ superficial abdominal reflexes, spasticity, ankle 
clonus, hypoactive knee jerk, absence of cremas- 
teric reflex, flaccidity and patellar clonus. 

7 . The criteria used to describe somatic motor 
deficit in the lower extremity were strength in 
the muscle groups, faultiness in gait and . loss 
of power of movement. 

8. Such pathologic reflexes as the Oppen- 
heim, Chaddock, Hoffmann, Gordon, Rossolimo, 
Mendel-Bechterew and Schaffer signs played an 
insignificant quantitative role in the cases studied. 
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PRIMITIVE HABITS AND PERCEPTUAL ALTERATIONS IN THE 
TERMINAL STAGE OF SCHIZOPHRENIA 

SILVANO ARIETI, M.D. 


NEW YORK AND 

In the last decade the main interest in the 
study of schizophrenia has been concentrated on 
cases of the earty stage of this illness, which are 
the most suitable for dynamic psychologic inves- 
tigations and in which a- better response to the 
newly devised shock treatments is obtained. The 
study of cases of chronic schizophrenia has, on 
the other hand, been rather neglected except for 
statistical purposes. I am in accord with the 
numerous other workers who think that even 
the stud)^ of patients in the most advanced stages 
of this illness may eventually reveal important 
information on the nature of this condition. This 
point of view led to the present investigation of 
peculiar habits and of quasineurologic (or neuro- 
logic?) phenomena noted in the terminal stages 
of dementia precox. The word habit is em- 
ployed here for want of a better term. It is used 
to mean a certain type of behavior intermediate 
between reflexes and voluntary acts but always 
•definitely reactive in nature. ' Goldstein’s ^ term 
■“performance” could be used except for the fact 
that the behavior discussed here is a special kind 
of performance, being spontaneous and habitual. 
The term “automatic act” is also discarded 
because by this term is often meant an act which 
has become such through repetition or training. 
The study on the coprophagic habit has already 
been- reported.- The habit of “placing into 
mouth” has also been discussed - but will be 
reconsidered here in relation to broader implica- 
tions. The phenomenon of negativism will not 
be included in this report because it is not found 
exclusively in the terminal stage of dementia 
precox but is more characteristic of less advanced 
stages. Other habits which belong to preterminal 
stages of dementia precox will be discussed in 
later contributions. 

This study was carried out on 250 female 
patients with the chronic form of schizophrenia 
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who had been hospitalized in institutions for 
mental disease from seven to forty-seven years. 

OBSERVATIONS ' 

It is well known to all observers that decreased 
activity is one of the most common, though not 
a constant, characteristic of progressing schizo- 
phrenia. This motor reduction often interferes 
with the dietary requirements of the patient to 
such a point as to bring about a state of mal- 
nutrition, anemia and, occasionally, avitaminosis. 
This inactivity, which is a part of the psychic 
isolation of schizophrenia, is noted throughout 
the long years of progressing regression, inter- 
rupted only by occasional and transitory partial 
remissions. In patients, however, who continue 
to regress indefinitely, a more or less suddeii 
increase in motor activity is noted at a certain 
moment. As a rule such an increase is not 
transitory but lasts for the lifetime of the patient, 
or until a physical illness neutralizes its effects. 
It is when this partial increase of motor activity 

. takes place that what I call the terminal stage 
of dementia precox begins. In the patients whom 
I observed and whose clinical records I studied, 
such a stage started any time from seven to 
forty years after the onset of the illness, but it 
probably may start even sooner, or later. This 
increase in activity is only relative, since the 
patients remain somehow underactive in com- 
parison with nonnal subjects. Their actions, 
which are now more numerous, appear sharply 
reactive or impulsive; They are reactive to 
certain habitual situations, which will be taken 
in consideration shortly, or impulsive, inasmuch 
as they appear to be due to sudden internal 
stimulation. The patients may be impulsively 
destructive, assaultive and much more violent 
than previously. At this stage of the illness they 
do not seem able any longer to experience 
hallucinations or to elaborate delusions, although 
it may be that since they are no longer capable 
of expressing themselves verbally, such symp- 
toms cannot be elicited. In fact, their verbal 
expressions are either completely absent or re- 
duced to a few disconnected utterances. 

The most striking changes, however, are noted 
in the dining room. The patients who had 
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\ always eaten so little as to have reduced them- 
selves to a state of malnutrition now seem to 
have a voracious appetite (bulimia) and often 
gain a considerable amount of weight. The 
nurses often report that these patients have the 
habit of stealing food. In reality, closer observa- 
tion reveals that the concept of stealing is not 
implied in the actions of these patients. They 
cannot prevent themselves from grabbing food 
at the sight of it, so that the}’’ are’ better termed 
food grabbers. Observations in the dining room 
reveal other interesting habits. A few of these 
, patients show preference for certain foods. No 
matter how many kinds of food are in their dish, 
they always grasp first and eat the preferred 
food. The}’’ do not alternate the various kinds, 
as normal adults do, but only when they have 
entirely finished the preferred food do they start 
to eat the others. Similarly, if they show several 
' degrees of preference, they first eat the food 
which is the first choice; when this is finished, 
they eat the second choice, and so on. If there 
are desserts, they are generally eaten before 
anything else. It seems that the patients are 
obliged to react first to stronger stimuli. The 
preference for a certain food is not shown by all 
patients who are food grabbers. On the other 
hand, such preference is maintained only for a 
brief period after the acquisition of the food- 
grabbing habit. After this period the patients 
seem to eat with avidity any kind of food. What- 
ever belongs to the category of edibility is equally 
and promptly reacted to. Another characteristic 
which is often observed is the extreme rapidity 
with which these patients eat (tachyphagia). In 
a few minutes these food grabbers may finish the 
rations of several patients, if not prevented, 
i' Often they do not leave in the dish any remnant 
of food but clean the plate with their tongue. 

The patients may remain indefinitely at this 
stage characterized by the food-grabbing habit, 
but the majority progress more or less rapidly 
to a more advanced stage, characterized chiefly 
by what I have termed the habit of “placing into 
mouth.” At this stage the category of edibility 
is no longer respected. Whereas the patients 
had previously distinguished themselves for 
grabbing food and food only, now they manifest 
the habit of grabbing every small object and 
putting it into the mouth, paying no attention 
at all to the edible or nonedible nature of it. If 
^ not prevented, these patients pick up from the 
floor crumbs, cockroaches, stones, rags, paper, 

1 wood, clothes, pencils and leaves and put them 
) into the mouth. Generally they eat these things ; 
occasionally they swallow them, with great risk. 
Many patients, however, limit themselves to 
chewing these nonedible objects and finally reject 


them. When they eat or s’vvallow dangerous 
materials, such as an ink well or a teaspoon, they 
are erroneously considered as suicidal. Closer 
observation reveals, however, that the idea of 
suicide is not implied in their action. They 
simply react to a visual stimulus by grasping 
the object and putting it into the mouth. They 
act as if they were coerced to react in this way. 
It is as though they were especially attracted by 
small three dimensional stimuli, which seem to 
be distinguished more distinctly than usual from 
the background. 

The patient may remain indefinitely at this 
stage, but some of them progress to a more 
advanced phase, which is characterized by appar- 
ent sensory alterations. On account of the lack 
of cooperation and communicability of these pa- 
tients, such alterations cannot be studied with the 
usual neurologic technic, but much stronger 
stimuli, not ordinarily used, or observation of 
the patient’s reactions in certain special situa- 
tions must be employed. 'Therefore only gross 
alterations are reported here, and no claim to 
accuracy is made. 

It seems as though the patients who have 
reached this stage are insensitive to pain. They 
appear analgesic not only to pinprick but to much 
more painful stimuli. When they are in need of 
surgical intervention and have to have sutures 
in such sensitive regions as the lips, face, skull 
or hands, they act as though they could not feel 
anything, even in the absence of any anesthetic 
procedure. I have many times sutured wounds 
caused by their violent and assaultive behavior 
without eliciting any sign of pain or resistance. 
Other patients seem to feel some pain, but far 
less than normal persons would. Only exception- 
ally is there a local withdrawal. The same anes- 
thesia is noted for temperature. The patient may 
hold in his hands a piece of ice without showing 
any reaction. Pieces of ice may also be placed 
over the breast, abdomen or other sensitive 
regions without eliciting any reaction or defen- 
sive movement. Such patients also appear in- 
sensitive when the flame of a candle is passed 
rapidly over the skin. They may sit near the 
radiator, and if they are not removed, they may 
continue to stay there even when, as a result of 
close contact, they are burned. This state of 
insensitivity is in my opinion one of the chief 
causes of the large number of burns occurring 
in wards in which deteriorated schizophrenic 
patients live. 

One may be induced to interpret this lack of 
responsiveness to pain and temperature stimuli 
not as true anesthesia but as an expression either 
of catatonic inactivity or of a certain kind of 
“inner negativism.” Repeated observations have. 
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however, led me' to the conclusion that such an 
interpretation is not valid. The patients who 
show anesthesia for pain or temperature stimuli 
are not as a rule inactive; on the other hand, 
they show the aforementioned relative increase 
in activity which, together with the apparent 
anesthesia, is responsible for numerous accidents. 
The possibility that these patients do' not react 
to dangerous sensations on account of inner 
negativism is, in my opinion, also untenable 
because many such patients do not show other 
signs of negativism. As I have already men- 
tioned, the phenomenon of negativism, although 
not absent at this stage of the illness, is much 
more commonly observed in patients who have 
reached a less advanced stage. On the other 
hand, the possibility that pain and temperature 
sensations are perceived, but that only the affec- 
tive components of such perceptions are lost, 
must be taken into consideration and will be 
discussed later. In a small number of patients 
this apparent anesthesia or hypesthesia for pain 
and temperature stimuli is only transitory. Even 
patients who have been insensitive to heat for 
several months may to some extent reacquire 
capacity to perceive pain or temperature sensa- 
tions or both. Occasionally striking changes 
occur at brief intervals. However,' I have the 
impression that some degree of hypesthesia is 
always retained. Partial hypesthesia is also 
found in many patients who have not yet reached 
what is here called the terminal stage. Tactile 
perception does not seem impaired in these pa- 
tients. Tendon and superficial reflexes are not 
only present but often increased. The corneal 
reflexes are also present. On the other hand, 
many, but not all of the patients who present 
anesthesia for pain and temperature stimuli seem 
also to have lost the sensation of taste. When 
they are given bitter radishes or teaspoons of 
sugar, salt, pepper or quinine, they do not show 
any pleasant or unpleasant reaction. They do not 
spit out the unpleasant substances as quickly as 
possible, as do control mentally defective persons 
or deteriorated patients with organic disease, but 
continue to eat the entire ’dose without hesitation. 
Some of them seem to recognize salt but do not 
object to pepper or quinine. Others react mildly 
to quinine but not to pepper or salt. 

In contrast to this lack of reactivity to pain, 
temperature and taste stimuli is the normal reac- 
tion to strong olfactory stimuli. Patients who 
did not react at all to such stimuli as flames, 
pieces of ice and suturing react in a normal way 
when they smell such things as ammonia and 
strong vinegar. They withdraw quickly from 
the stimulus, with manifest displeasure. Such 
a reaction strikes the observer, inasmuch as many 


other strong stimuli from other sensory fields do 
not bring about any response, or only a mild 
I'eaction. It seems as though the phylogenetically 
ancient olfactory sense could better resist the 
schizophrenic- process. However, the schizo- 
phi'enic patient does not seem to make use of 
these olfactory sensations as he could, probably 
on account of that- lack of initiatiA^e which more 
or less characterizes the entire course of his 
illness. 

The aforementioned phases of the terminal 
stage of dementia precox (phases characterized 
by the food-grabbing habit, the “placing into 
mouth” habit and apparent anesthesia for pain, 
temperature and taste sensations and preponder- 
ance of the olfactory sense, respectively) do not 
always occur in the order given. A large number 
of patients, especially, but not exclusively^ those 
of the paranoid type, remain indefinitely at a 
less adA’^anced stage. In others two stages of the 
illness OA'erlap. For instance, a feAV patients Avho 
have the food-grabbing habit may retain the 
capacity to hallucinate. Other food grabbers 
may already have anesthesia for pain and temper- 
ature stimuli, and so on. HoAvever, the order 
described is the one in Avhich I have most com- 
monl}”^ observed appearance of the symptoms. 
Occasionally a patient may improve and return 
to a less adA'anced stage. Intravenous injections 
of sodium amytal do not produce any”^ perceptible 
change in the picture of the terminal stage of 
Schizophrenia. 

Although statistical conclusions are premature 
and difficult on account of this overlapping of 
symptoms, I have the impression that the number 
of patients presenting the habit of grabbing food 
or of placing objects in the. mouth is large in 
serAuces for patients Avith chronic mental disease. 
The number of patients presenting some hypes- 
thesia for pain, temperature and taste sensations 
is also large. On the contrary, patients pre- 
senting absolute anesthesia for pain and tempera- 
ture sensations are relatively fcAV. 

INTERPRETATION 

A genetic approach may help in explaining 
some of the habits described. In fact, it is 
possible to interpret them not as newly acquired 
habits but as behavior manifestations of loAver 
levels of integration. 

The food-grabbing habit reminds one of Avhat 
is generally observed in cats, dogs, monkeys and 
other animals. The animal is coerced to react 
to the food, at the sight of it. The food does 
not stand for itself but is Avhat Werner ® calls 

3. 'Werner, H. : Comparative Psychology of Mental 
DcA'elopment, New York, Harper & Brothers, 1940. 
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a '‘thing of action.” It is a “signal thing,” the 
sight of which leads immediately to a fixed action 
(Werner^). The animal cannot delay the reac- 
tion or channel the impulse into longer integra- 
,tive circuits. Similarly, others of the habits 
previously described disclosed the same syncretic 
characteristics encountered in more primitive 
oi'ganizations. It is well known that when 
monkeys, dogs, cats and other animals are given 
at the same time different items of food, they eat 
first the preferred food (for instance, meat in 
case of the dog, or banana in case of monkeys), 
and only when the entire portion of the preferred 
food is finished do they start to eat the other 
foods. They cannot alternate the various kinds 
but are coerced to react first to the strongest 
stimulus. Also, a 3)4 to 4 year old child, if not 
prevented, eats first the preferred food, and only 
when he has finished it does he eat the others. 

When the patients become even sicker, this 
integration of the stimuli is even more primitive, 
so that they react to edible and nonedible objects 
in the same way by grasping them and putting 
them into the mouth. The categoi*}^ of edibility 
is no longer respected. This “placing into 
mouth” habit was discussed in a previous report.- 
It was there emphasized that a similar behavior 
is noted in children approximately 1 to 2 years 
of age. The similarity of this behavior to that 
observed . by Kluver and Bucy ^ in monkeys 
which underwent removal of both temporal lobes 
was also discussed. There is one chief differ- 
ence, however : Whereas the monkeys are 
described as smelling the grasped object 
before placing it into the mouth, children and 
deteriorated schizophrenic patients do not smell 
the object but put it immediately into the mouth. 
However, if the olfactory tracts of the monkeys 
were cut previous to removing both temporal 
lobes, no smelling was observed, Kluver and 
Bucy considered the monkeys with both temporal 
lobes removed as psychically blind (being unable 
to recognize the edible or nonedible nature of 
the objects in spite of the fact that they were 
trained before the operation to make this differ- 
entiation). I am inclined to consider the 
“placing into mouth” habit in deteriorated 
schizophrenic patients as a primitive response in 
the mechanism of which a short-circuiting takes 
place between the functions of reception and 

4. Kliiver, H., and Bucy, P. C. : (a) “Psychic Blind- 
ness” and Other Symptoms Following Bilateral Tem- 
poral Lobectomy in Rhesus Monkeys, Am. J. Physiol. 
119:352 (June) 1937; (&) An Analysis of Certain 
Effects of Bilateral Temporal Lobectomy in the Rhesus 
Monkey, with Special Reference to “Psychic Blindness,” 
J. Psychol. 5:33, 1938; (c) Preliminary Analysis of 
Functions of the Temporal Lobes in Monkej’^s, Arch. 
Neurol, & Psychiab 42:972 (Dec.) 1939. 


those of reaction, with exclusion of usual normal 
paths which involve higher centers. It may be 
that instead of the normal path a circuit is used 
similar to that involved in the relatively primitive 
physiologic complex which Edinger ^ called “oral 
sense.” As happens in all other short-circuit 
reactions, an impulse or coercion to react, and not 
asymbolia, may be responsible for the “placing 
into mouth” habit. Kluver and Bucy considered 
as hopeless any attempt to reduce to one basic 
defect the polysymptomatic picture presented by 
their monkeys with bitemporal lobectomy. 
Although any comparison is hypothetic, it may 
be that these monkeys have this oral habit 
because after the surgical operation they are 
coerced to react to tridemensional visual stimuli 
and have to use short circuits. This considera- 
tion, however, does not deny the possibility that 
these monkeys are, at least partially, psychically 
blind. On the other hand, they probably are 
psychically blind, as considerations to be dis- 
cussed later will indicate. The same inability 
to distinguish between edible and nonedible 
objects was also noted by Langworthy ® in cats 
which underwent removal of both frontal poles. 
The tendency to grasp every object and to put 
it into the mouth was also reported by von 
Braunmuhl- and Leonhard ‘ in cases of Pick’s 
disease. It may be of some importance to men- 
tion also that I have noted the sudden occurrence 
of bulimia, tachyphagia and the “placing in 
mouth” habit after bilateral prefrontal lobectomy 
in a catatonic patient who had been sick for more 
than ten years. 

The analgesia observed in some of the 
deteriorated patients may now be considered. 
Several authors have reported altered perception 
of pain in cases of early catatonia, and Bender 
and Schilder ® discussed this subject in relation 
to the capacity to acquire conditioned reflexes. 
In my experience the hypesthesia found in pa- 
tients with early catatonia is generally not so 
severe as that observed in patients who have 
reached the terminal stage, and often is not 
detected if, instead of pinprick, one uses stronger 
stimuli. Anesthesia for temperature and taste 

5. Edinger, L. : Ueber die dem Oralsinne dienenden 
Apparate am Gehirn der Sanger, Deutsche Ztschr. f. 
Nervenh. 36:151, 1908-1909. 

6. Langworthy, O. R. : Behavior Disturbances Re- 
lated to Decomposition of Reflex Activity Caused by 
Cerebral Injury: An Experimental Study of the Cat, 
J. Neuropath. Sr Exper. Neurol. 3:87 (Jan.) 1944. 

7. von Braunmuhl, A., and Leonhard, K. : Ueber 
ein Schwesternpaar mit Pickscher Krankheit, Ztschr. f. 
d. ges. Neurol, u. Psychiat. 150:209-241, 1934; cited by 
Kluver and Bucy.-*^ 

8. Bender, L., and Schilder, P. : Unconditioned and 
Conditioned Reactions to Pain in Schizophrenia, Am. J. 
Ps 3 'chiat. 10:365 (Nov.) 1930. 
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stimuli is even more rare in patients with early 
catatonia and is not comparable to that encoun- 
tered in my patients, with conditions originally 
diagnosed as various types of dementia precox. 
However, the possibility is ‘not denied that the 
nature of the phenomenon may be the same. In 
many of the common textbooks on psychiatry no 
mention is made of this analgesia encountered 
in some deteriorated schizophrenic patients. 
Bleuler,® however, described this phenomenon 
as follows : 

Worthy of note is an analgesia which occurs in 
schizophrenia not too rarely and which is sometimes 
quite complete. It is responsible for the fact that the 
patients readily injure themselves purposely or 
accidentally. 

In agreement with the observations of Bender 
and Schilder on patients with early catatonia, I 
am inclined to believe that the real sensation of 
pain and temperature is not lost in my patients. 
The fact that the corneal reflexes are always 
retained may be a proof of it. However, these 
patients seem to be unaware of the painful and 
thermic stimuli and do not show an}'' emotional 
reaction to them. They seem to be unable to 
perceive the stimuli. In other words, the rough 
sensation may be present but remains isolated 
and is not elaborated to the perception level. 
The patients are unable to recognize the emo- 
tional and cognitive value of the thermic and 
painful stimuli and therefore are unaware of 
the possible dangers which they at times imply. 
That is the reason that they often hurt them- 
selves. These patients for all practical purposes 
have agnosia and may be compared to persons 
with sensorial aphasia who hear a spoken 
language without understanding it. . 

Is this loss of nociceptive perception only an 
exaggeration of the general schizophrenic emo- 
tional indifference? Probably the cause of these 
psychophysiologic derangements is the same, but 
for all practical purposes these patients are better 
described as having agnosia and may be termed 
“psychically analgesic,” and not apathetic only. 
They fail to perceive pain and temperature sensa- 
tion, not only from an emotional but from a 
cognitive point of view. That is the reason 
that they so often hurt themselves if they are 
not under constant supervision. The problem 
whether these phenomena are due to loss of 
emotional capacity or to loss of perception of 
pain and temperature sensation is probably only 
academic at present, when so little is known 
about emotivity and its relation to perception of 

9. Bleuler, E. : Textbook of Ps 3 'chiatry, translated 
by A. A. Brill, New York, The Macmillan Company, 
1924. \ 


pleasant and painful sensations. Herrick,^® -who 
took into consideration this relation, stated: 
“Pain, considered psychologically and neuro- 
logically, is a sensation, and a different neuro- 
logical mechanism for unpleasantness and 
pleasantness must be sought.” Pain, however, 
is in normal conditions always associated with 
unpleasantness. In the patients described it is 
not. The relation between emotional indiffer- 
ence and agnosia has also been taken into con- 
sideration by von Monakow and Mourgue,^^ who 
observed impairment of emotions in aphasic 
persons. In other publications the same 
authors considered the possibility that asymbolia 
may be due to disturbances in the affective 
sphere. 

The fact that taste perception is often lost or 
impaired in these analgesic patients and that the 
olfactory perceptions are preserved instead is 
also thought stimulating. The association of 
taste and pain asymbolias points, to the conclu- 
sion that taste should be included among the 
general somatic sensations, as investigations by 
the school of Fulton and by Shenkin and 
Lewey seem to prove. The striking survival 
of smell perceptions, which are phylogenetically 
very old, may induce one to think that the 
archipallium is more resistant than the neo- 
pallium to the schizophrenic process. The 
olfactory sense, which is the dominant sense in 
lower vertebrates, seems to reacquire in some 
deteriorated schizophrenic patients a position of 
predominance among the senses, not because 
of increased acuity but because of impairment of 
perceptions of stimuli coming from other sensory 

10. Herrick, C. J. : An Introduction to Neurology, 
ed. 5, Philadelphia, W. B. Saunders Company, 1931. 

11. von Monakow, C. V., and Mourgue, R. : Intro- 

duction biologique a I’etude de la neurologic et de la j 
psychopathologie, Paris, Felix’ Alcan, 1928. ' 

12. vori Monakow, C. V. : Die Lokalisation in Gross- | 
him und der Abbau der Funktionen durch korticale 
Herde, Wiesbaden, J. F. Bergmann, 1914. Mourgue, 

R. : Neurobiologie de I’hallucination : Essai sur une 
variete particuliere de desintegration de la fonction, 
Brussels, Maurice Lamertin, 1932; cited by Kluver and 
Bucy.^<' 

13. The following works are cited by Fulton, J. F. : 
Physiology of the Nervous System, ed. S, New York, 
Oxford University Press, 1943. (a) Bdrnstein, W. S. : 
Cortical Representation of Taste in Man and Monkey: 

I. Functional and Anatomical Relations of Taste, Olfac- 
tion and Somatic Sensibility, Yale J. Biol. & Med. 12: 
719 (July) 1940; (&) II. The Localization of the Cor- 
tical Taste Area in Man and a Method for Measuring 
Impairment of Taste in Man, ibid. 13:133 (Oct.) 1940. 

(c) Patton, H. O., and Ruch, T. C. : Thalamic and 
Cortical Localization of Taste in Monkey and Chim- 
panzee, to be published. 

14. Shenkin, H. A., and Lewey, F. H. : Taste Aura 
Preceding Convulsions in a Lesion of the Parietal Oper- 
culum, J. NerV. & Ment. Dis. 100:352 (Oct.) 1944. 
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fields. However, contrary to what is found in 
lower vertebrates, these schizophrenic patients do 
not take advantage of the olfactory sense as they 
could, possibly on account of their general 
volitional impairment or general withdrawal. It 
is interesting to observe that the sense of smell in 
schizophrenic patients is not involved even 
in short-circuiting reactions, whereas it was 
involved in the monkeys of Kluver and Bucy. 
The fact that perception and emotional reactions 
connected with the sense of smell are not im- 
paired in many patients in the terminal phases 
of schizophrenia may be due instead to the 
peculiarity that the olfactory stimuli are the only 
sensory stimuli which do not pass up to the 
thalamus. 

The last consideration may induce one to 
examine the possibility of anatomic interpreta- 
tions of the s3anptoms described. Any interpreta- 
tion of this kind has of course to be considered 
preliminar}’- at the present time, when so much 
remains to be learned about the schizophrenic 
process. Furthermore, any deduction concerning 
human beings made from experimental observa- 
tions on animals may be advanced only in a 
hypothetic way. 

If, on the basis of reported observations, one 
were to localize an alleged pathologic process 
responsible for the release of the primitive habits 
previously described, one would probably have 
to incriminate the prefrontal lobes (Langworthy) 
and the temporal lobes, (Kluver and Bucy, 
von Braunmvihl and Leonhard), and the lesions 
would have to be bilateral and presumably sym- 
metric. The problem of localizing the process 
responsible for the analgesia is even more diffir 
cult, after the work of Head, although there is 
again much evidence that the parietal lobes are 
the site of sensation and perception of pain. 
Schilder and Stengel found asymbolia for pain 
in cases of lesions of the g}^rus supramarginalis ; 
Bender and Schilder expressed the belief that it 
is impossible to deny the presence of a dysfunc- 
tion of the same areas in catatonic patients pre- 
senting pain asymbolia. Patterson and Stengel 
reported “apperceptive blindness” and asymbolia 
for pain in a case of Lissauer’s dementia para- 
tytica in which lesions in the parastriatal areas 
were present. Since in my patients pain asym- 
bolia is often associated with taste asymbolia, or 
“psychic ageusia,” it may be that the perceptual 
_ centers for taste and pain are located near each 
other. It has already been mentioned that recent 

15. Schilder, P., and Stengel, E. : Asymbolia for 
Pain, Arch. Neurol. & Psychiat. 25:598 (March) 1931. 

16. Patterson, M. T., and Stengel, E. : Apperceptive 
Blindness in Lissauer’s Dementia Paralytica, J. Neurol. 
& Psychiat. 6:83 (July) 1943. 


investigations seem to confirm a parietal localiza- 
tion of the taste centers.’-' These anatomic con- 
siderations are not solidly founded. However, 
one deduction has a certain probability of being 
correct. If, on the basis of the reported observa- 
tions, one were to localize an alleged pathologic 
process responsible for the symptoms occurring 
in the terminal stage of schizophrenia, one would 
have to place it in the so-called silent areas, or 
great association areas, and not in the recognized 
primary* cortical centers. These areas would, 
also, be approximately those which, according 
to the investigations of Flechsig and V ogt,’” 
are the last to myelinate and the last to appear 
ph)dogenetically. Bilateral impairment of these 
great association areas would make impossible 
those “long-circuiting processes” mentioned by 
Fulton and reemphasized by Cobb,^’- and would 
be responsible for the occurrence of short-circuit 
processes manifesting themselves as primitive 
habits. 

The theories of Orton seem also confirmed 
by my observations. According to this author, 
three levels of cortical elaborations may be dis- 
tinguished. The first elaborative level, con- 
sisting of the so-called projection areas, or the 
arrival platform cortex, is the first to receive 
stimuli of external origin. The second level, 
consisting of the areas surrounding the pro- 
jection zones, or the arrival platform cortex, 
registers and interprets the material arrived at 
the first level. The third level, consisting of the 
great associative areas, which are the last to 
myelinate, correlates the data brought in by the 
various pathways. According to Orton, impair- 
ment of a level causes “cross over” of impulses 
from a lower level to the effectors, so that primi- 
tive patterns of reactions are produced. He 
called this return of primitive patterns “resur- 
gence by defect.” Orton stated the opinion that 
in catatonia there is an impairment of the third 
level of elaboration.^^'’ In extremely deteriorated 
schizophrenic patients one may assume that the 

17. Footnote 13. Shenkin and Lewey.^^ 

18. Flechsig, P. : Ueber die Lokalisation der geistigen 
Vorgange insbesondere der Sinnesemfindungen des 
Menschen, Leipzig, Veit & Co., 1896. 

19. Vogt, O. : Der Wert der myelogenetischen Felder 
der Grosshirnrinde, Anat. Anz. 29:273, 1906. 

20. Fulton, J. F. : Ph 5 'siology of the Nervous System, 
ed. 4, New York, Oxford University Press, 1938; 
cited by Cobb.-^ 

21. Cobb, S. : Foundations of Neuropsychiatry, Balti- 
more, Williams & Wilkins Company, 1941. 

22. Orton, S. T. : (o) The Three Levels of Cortical 
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toms, Am. J. Psychiat. 8:647 (Jan.) 1929; (6) Neuro- 
patlyolog}-: Lecture Notes, Arch. Neurol. & Psychiat. 
15:763 (June) 1926; (c) Some Neurologic Concepts 
Applied to Catatonia, ibid. 23:116 (Jan.) 1930. 
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third, and partially the second, level of elabora- 
tion are impaired. In this way it is possible to 
explain both certain asymbolias and the short- 
circuiting- processes which resurge by defect. 
It is now also possible to understand better the 
complex symptoms reported in the valuable con- 
tributions of Kliiver and Bucy. The monkeys 
deprived of both temporal lobes also present 
visual asymbolia and primitive habits (“placing 
into mouth” or “oral tendency”). Since the 
great association areas have undoubtedly thala- 
mic connections (Ariens Kappers and associ- 
ates -®), it may be possible to find an anatomic 
interpretation of the emotional impairment. 

All the foreging evidence suggests, but 
does not demonstrate, that the schizophrenic 
process either is organic in nature or at a certain 
stage is associated with organic changes. Gold- 
stein’s position when he stated “I am inclined 
to assume that equivalent functional changes 
can be produced by organic, 'i. e., structural or 
clinical as well as by psychological derangement” 
may be maintained. He spoke also of “protective 
deterioration,” after having described certain 
similarities between the ’impairment of abstract 

23. Ariens Kappers, C. U. ; Huber, G. C., and Crosby, 
E. C. : The Comparative Anatomy of the Nervous 
System of Vertebrates, Including Man, New York, The 
Macmillan Company, 1936, vol. 2. 

24. Goldstein, K. : The Significance of Psychological 
Research in Schizophrenia, J. Nerv. & Alent. Dis. 97: 
261 (March) 1943. 


thinking associated with schizophrenia and that 
accompanying organic lesions. 

The new phychosomatic concepts may also be 
resorted to. If W eiss and English’s formula, 
“psychologic disturbances — > functional impair- 
ment — > cellular disease — ^ structural alteration,” 
is accepted to explain the pathogenic mechanisms 
of cardiovascular and gastrointestinal conditions, 
why should it not be accepted to explain derange- 
ment of the nervous system, which is more 
directly under the fire of psychologic stimuli? 
The functions or structures which are phyloge- 
netically more recent may be the ones more easily 
impaired, even by psychologic stimuli, so that 
when, after a long course, the impairment is com- 
plete or almost complete, resemblance may be 
obtained to lower levels of integration which 
have not yet acquired such functions or struc- 
tures. Thus, the terms “regression” and “de- 
terioration” would have the same meaning when 
applied to schizophrenic patients, unless by 
deterioration one wants to specify only the irre- 
versibility of the syndrome ; and for both may be 
substituted Lewis’ term “deviation.” 

722 West One Hundred and Si.xty-Eighth Street. 

25. Weiss, E., and English, O. S. : Psychosomatic 
Medicine: The Clinical Application of Psychopathology 
to General Medical Problems, Philadelphia, W. B. 
Saunders Company, 1943. 

26. Lewis, N. D. C. : Personal communication to the 
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Physiology and Biochemistry 

Vasopressor and Carotid Sinus Syncope: Clinical, 

Electroencephalographic and Electrocardio- 
graphic Observations. George L. Engel, John 
■ Romano and T. R. McLin, Arch. Int. Med. 74:100 
(Aug.) 1944. 

Engel, Romano and McLin report clinical, electro- 
encephalographic and electrocardiographic observations 
on 18 persons subjected to syncope. Most of the subjects 
were examined on a tilt table. Before any special 
syncope-provoking procedure was attempted, the reac- 
tion to motionless standing for at least ten minutes was 
tested. The special procedures were initiated when it 
was clear that the postural response was normal. Re- 
actions to sj'ncope followed venipuncture, visceral dis- 
tention, h 3 ’'perventilation and stimulation of the' carotid 
sinus, or thej' were associated with h 3 'persensitivity of 
the carotid sinus reflex. The blood pressure was 
recorded as frequent^" as was practical, and continuous 
observations were made on the color of the skin, sweat- 
ing, subjective responses and other changes. 
•Vasodepressor s 3 ’ncope was induced in 9 subjects by 
one of the aforementioned procedures. In addition, 6 
subjects with the cardioinhibitory type of carotid sinus 
syncope and 3 subjects with the cerebral type w'ere 
studied. 

Unconsciousness, characterized by unawareness, mus- 
cular relaxation and falling, was always accompanied 
with high voltage slow weaves in the electroencephalo- 
gram, regardless of the mechanism by which uncon- 
sciousness was provoked. Lightheadedness, giddiness and 
momentary loss of consciousness were associated with 
less obvious slowing of the electroencephalogram, loss 
of alpha activity or no change at all. In 2 subjects 
with the cerebral t 3 '^pe of carotid sinus syncope the 
development of contralateral focal neurologic symptoms 
and signs without loss of consciousness Avas associated 
with abnormal waA’^es from the ipsilateral cortex. 

Vasodepressor syncope could be provoked by a Avide 
variety of sensory stimuli, but the significance of the 
stimulus to the Subject seemed to be more important 
than the specific modality involved. Most of the symp- 
toms of vasodepressor syncope Avere associated Avith 
falling arterial blood pressure, and unconsciousness did 
not develop until the blood pressure had fallen to a 
low level. Symptoms Avere relieved by returning the 
subject to the recumbent position, but they often recurred 
if the subject stood up again, even if the original 
stimulus had been AvithdraAvn. The derangement in cir- 
culatory dynamics Avas compensated for but not cor- 
rected by assumption of the recumbent position, 
presumably by avoiding the pooling effects of gravity. 
Recovery of consciousness may occur in the erect posi- 
tion; convulsive moments and increase in muscle tone 
seemed to aid recovery, but they Avere not essential. 
Muscular activity prior to assumption of an erect posi- 
tion prevents recurrence of s3mcope. 

Guttman, Philadelphia. 


Experimental Analysis of the Functions of the 
Basal Ganglia in Monkeys and Chimpanzees. 
Margaret A. Kennard, J. Neurophysiol, 7:127 
(March) 1944. 

Kennard studied in monkeys and chimpanzees the 
effects of destruction by various routes of the different 
parts of the basal ganglia. She found that lesions of 
one or more of the nuclear complexes of the basal 
ganglia produced disorders of movement similar to the 
choreoathetosis and tremor seen in patients Avith in- 
volvement of these same regions. Choreiform move- 
ments appeared to any marked degree only in chim- 
panzees but developed in slight form in monkeys. The 
disturbances Avere ahvays contralateral to the ablation, 
Avere transient and affected the arm and head more than 
the leg. Tremor, Avhich Avas absent during complete 
rest but Avas present on movement or maintenance of 
posture, occurred in both chimpanzees and monkeys 
and AA'as bilateral. Kennard concludes that two systems 
are present Avithin the basal ganglia, yielding choreoathe- 
tosis and tremor respectivel3', and that these systems do 
not greatly influence each other nor can they be topo- 
graphically distinguished. Kennard states that the rela- 
tion of spasticity or rigidity to the basal ganglia has 
not been clarified but that isolated lesions of the basal 
ganglia in her animals did not alter resistance to 
passive manipulation. The addition of corticosubcor- 
tical lesions to pure cortical ablations augmented the 
increased resistance. Moreover, the removal of the basal 
ganglia after decortication increased the resistance which 
had folloAved decortication. The difference in results 
obtained in, monkeys and in chimpanzees Avas associated 
Avith changes in the putamen and the extrapyramidal 
cerebral cortex and Avith the development of manual 

dexterity. Forster, Philadelphia. 

The Hind Brain and the Early Development of 
Behavior in Frogs. Ging-Hsi Wang and Tse- 
Wei Lu, j. Neurophysiol. 7:151 (May) 1944. 

Wang and Lu studied the responses of tadpoles to 
tactile stimulation, both during their normal develop- 
mental states and after decapitation, transection of the 
neural axis at various levels and removal of one ear 
vesicle. Studies Avere also carried out on parabiotic 
twins, one of the pair being decapitated; and observa- 
tions Avere made on normal, as Avell as on decapitated, 
tadpoles after immersion in solutions of potassium C3'a- 
nide. Wang and Lu found that the duration of the 
tactile reflex decreased Avith increase in size of the 
tadpole. Decerebration or section of the dorsal portion 
of the cord had no effect on the duration of the reflex. 
Destruction of the rostral half of the hindbrain or 
transection of the surgical cord had no effect in em- 
bryos of 3 mm. length, but in larA'ae longer than 4 mm. 
the duration of the reflex Avas increased by these mea- 
sures. During the early stages of cyanide poisoning 
the duration of the reflex Avas increased both in normal 
and in decerebrate preparations but Avas not affected in 
spinal and bulbospinal preparations. Spinal tadpoles 
Avere more actiA'e than normal or decerebrate larA'ae. 
C3'anide poisoning in its earlier stages increased the 
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spontaneous activity of normal and decerebrate tadpoles. 
Wang and Lu conclude that a mechanism is laid down 
in the cord of the tadpole for repeated reactions to brief 
tactile stimuli and that this mechanism is inhibited by 
impulses from the rostral half of the hindbrain. In an 
appendix, the authors point out that cyanide depresses 
the developing, as well as the adult, nervous system of 
the frog and that the last structure to mature is the 
first to succumb. Susceptibility to cyanide increases 
with the age of the embryo, Philadelphia. 

Experimental Hypogeusia from Horsley-Clarke 

Lesions of the Thalamus in Macaca Mulatta. 

H. D. Patton. T. C. Ruch and A. E. Walker, 

J. Neurophysiol. 7:171 (May) 1944. 

Patton. Ruch and Walker studied the capacity for 
gustatory discrimination for quinine hydrochloride in 
10 immature Macaca mulatta monkeys before and after 
the production of bilateral electrolytic lesions of the 
posteroventral lateral nucleus of the thalamus. The 
lesions were produced under aseptic conditions and by 
means of the Horsley-Clarke apparatus. The authors 
found that the degree of damage to the posterolateral 
ventral nuclei as determined by microscopic examination 
could be correlated with the severity of the gustatory 
deficit.* On the basis of these observations, the authors 
conclude that the evidence supports the hypothesis that 
taste fibers synapse in close association with fibers 
bearing somatosensory impulses from the face, mouth 
and tongue. Since the posterolateral ventral nucleus 
has no known connecting pathways with the uncus and 
hippocampal region and since this nucleus degenerates 
as a result of lesions of the sensory area for the face, 
Patton, Ruch and Walker conclude that their observa- 
tions are in conformity with the hypothesis that taste 
is localized in the inferior portion of the rolandic area. 

Forster, Philadelphia. 

Physiological Neuronography of Some Cortico- 

SuBCORTICAL CONNECTIONS IN THE CHIMPANZEE. 

H. W. Carol and W. S. McCulloch, J. Neuro- 
physiol. 7:199 (May) 1944. 

Carol and McCulloch studied cortical connections in 
7 chimpanzees under dial anesthesia, placing electrodes 
over the cortical surface and intracerebrally. By means 
of strychnine firing, the authors mapped the cortico- 
subcortical neuronal connections. They succeeded in 
demonstrating the following connections: (1) a cortico- 
caudate system from areas 8, 4s, 2 and 24 ; (2) a cortico- 
putamen system from areas 6, 4 and 1 ; (3) a corti- 
copallidal system to the external segment from area 6 
and to the internal segment from what were question- 
ably areas 4 and 5 ; (4) a corticopulvinar system from 
areas 40 and 39; (5) a corticothalamic connection from 
the arm subdivision of the central sector to the corre- 
sponding portion of the lateral thalamic nucleus. 

Forster, Philadelphia. 

The Isolation of the St. Louis Encephalitis Virus 
FROM Chicken Mites (Dermanyssus Gallinae) in 
Nature. Margaret G. Smith, Russel J. Blatt- 
ner and Florence M. Heys, Science 100:362 (Oct. 
20) 1944. 

Smith, Blattner and Heys report data which show 
that the St. Louis encephalitis virus is present in chicken 
mites (Dermanyssus gallinae) taken directly from chick- 
ens. These observations were made in the St. Louis 
area during a nonepidemic period. Other investigators 


have previously shown that the mosquito is a vector 
concerned in human epidemics of St. Louis encephalitis. 

Guttman, Philadelphia. 

Afferent Areas in the Cerebellum Connected with 
THE Limbs. E. D. Adrian, Brain 66:289, 1944. 

Adrian studied the electrical activity of the cerebellar 
cortex and the cerebellar subcortical afferent fibers in 
monkeys and cats. In a few instances electrical stimu- 
lation was used, but in most experiments mechanical 
stimulation of the skin, joints and muscles- was employed. 

Afferent discharges reaching the cerebellum by spino- 
cerebellar and pontocerebellar pathways were recorded 
from a depth of 1.5 mm. below the cerebellar cortex. 
With this method it was possible to make a detailed 
map of connections. In both cat and monkey spino- 
cerebellar discharges from the hindbrain arrive in the 
ipsilateral lobulus centralis, and those from the fore- 
limb, in the culmen. Records of the afferent discharge 
in single units differ little from records of peripheral 
nerve fibers. A single afferent unit of the cerebellum 
may be connected with widely separated receptor organs. 
Pontocerebellar discharges to the lobulus centralis, the 
culmen and the lobulus simplex are derived from tlie 
hindlimb, the forelimb and the face region of the motor 
cortex. The receiving areas in these structures overlap 
those of the spinocerebellar pathway but extend farther 
laterally than the latter. The electrical activity of the 
cerebellar • cortex consists of small potential waves of 
ISO to 250 per second, and afferent discharges result 
in increase of both frequency and amplitude. This effect 
tends to spread. In 2 dogs and 1 goat similar localiza- 
tions were made. Adrian points out that the arrange- 
ment for afferent localizations is the opposite of that 
deduced for efferent localization by Connor and Graham. 

Forster, Philadelphia. 

Poliomyelitis in British and American Troops in 
THE Middle East; The Isolation of Virus from 
Human Faeces. J. R. Paul, W. P. Havens and 
C. E. Van Rooyen, Brit. AI. J. 1:841 (June 24) 1944. 

Attempts were made to isolate the virus of poliomye- 
litis from the stools in 35 cases of typical and atypical 
poliomyelitis which occurred during 1943 among British 
and American troops stationed in the Aliddle East. The 
following clinical types were studied: typical poliomye- 
litis, 15 cases; polioencephalitis with a short febrile 
course and paralysis limited to the cranial nerves, 5 
cases; acute benign lymphocytic meningitis, 6 cases; 
localized neuritis following diarrhea or fever or both, 
6 cases, and poliomyelitis contacts, 3 cases. Of the IS 
cases of poliomyelitis, the stools were positive for virus 
in 9, in all of which the outcome was fatal. In all 
other cases the test for virus in the stools was negative. 

Echols, New Orleans. 

Diseases of the Brain 

Electroencephalograms in Post-Traumatic Epi- 
lepsy. Herbert Jasper and Wilder Penfield, Am. 
J. Psychiat. 100:365 (Nov.) 1943. 

Jasper and Penfield studied electroencephalographi- 
cally 81 cases of post-traumatic epilepsy. In 90 per cent 
a local area in one hemisphere was found in which ran- 
dom spikes or sharp waves were most prominent. In 
69 per cent a relatively superficial focus was found in 
one area without significant abnormality elsewhere. 
Superficial lesions of the cortex were characterized by 
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random slow waves and random spikes or sharp waves. 
This type of activity was found in cases in which seizures 
occurred shortly after head injury. In 10 per cent of 
the cases generalized electroencephalographic distur- 
bances were present, and in 3 cases diffuse multiple 
spikes and sharp waves appeared in the electroencephalo- 
gram and were virtually continuous. Bilaterally, syn- 
chronous abnormal discharges occurred in 6 cases. In 
32 cases surgical extirpation of the seizure focus was 
carried out. In 94 per cent of this group the preopera- 
tive electroencephalogram was a reasonably accurate 
guide to the border zone of the lesion. In the cases 
of a single, discrete abnormality of the electroencephalo- 
gram surgical excision resulted in notable improvement 
in 71 per cent of cases, not only so far as incidence 
and severity of seizures were concerned but in the 
electroencephalographic pattern. 

Forster, Philadelphia. 

The EEG in Late Post -Traumatic Cases. Milton 

Greenblatt, Am. J. Psychiat. 100:378 (Nov.) 1943. 

Greenblatt studied by means of the electroencephalo- 
gram 263 patients who had had head injuries, followed 
by the appearance of symptoms varying from headache, 
with or without concomitant symptoms, to convulsions, 
fainting spells and personality changes. For 32 per cent 
Greenblatt found normal, for 20 per cent borderline 
and for 48 per cent abnormal records. Some correlation 
was present between the severity of symptoms and the 
degree of electroencephalographic changes ; this was 
noticeable in the study of groups of patients but not in 
individual cases. No correlation between the interval 
after injury and the degree of the abnormality could be 
determined. Patients witli post-traumatic seizures had 
a higher incidence of electroencephalographic abnor- 
mality, patients with headache, a lower frequency. It 
was impossible to correlate either the presence or dura- 
tion of unconsciousness or the presence of skull fracture 
with electroencephalographic abnormalities. In the pa- 
tients with post-traumatic psychoses the incidence of 
electroencephalographic abnormalities was greater than 
in tile others. In the patients presenting focal electro- 
encephalographic abnormality the focus coincided with 
the area of injury, skull fracture or deformity, or jack- 
sonian seizures occurred, involving the contralateral 
extremities. Forster, Philadelphia. 

The Waterhouse-Friderichsen Syndrome. Stuart 

W. CosGRiFF, Ann. Int. Med. 21:187 (Aug.) 1944. 

Cosgriff reports clinical and laboratory observations 
on 4 adults with the Waterhouse-Friderichsen syndrome. 
In the 2 patients for whom serum analyses were made 
a decrease in sodium and an increase in the nonprotein 
nitrogen were encountered. These observations are 
compatible with the results in cases of adrenal in- 
sufficiency but bear no relation to the extent of damage 
observed in the adrenal cortex at autopsy. 

The role of hypoadrenalism in the mechanism of this 
syndrome is not yet established. Therapy should be 
directed chiefly against sepsis and secondarily toward 
the correction of possible associated adrenal cortex in- 
sufficiency. Guttman, Philadelphia. 

Multiple Meningioma and Meningiomas Associated 
with Other Brain Tumors. Silvano Arieti, 
J. Neuropath. & Exper. Neurol. 3:255 (July) 1944. 

Arieti reports a case of multiple meningioma asso- 
ciated with an intracranial aneurysm and 2 other cases 


in which meningioma was associated with • glioma. 
Microscopic studies and a review of the pertinent litera- 
ture permit the author to conclude that the embryonal 
rests of Cohnheim and Ribbert giving rise to the tumors 
have an inherent neoplastic potentiality which manifests 
itself at different times in the glial and the meningeal 
tissues. In case 1 the tumors were all of meningeal 
origin, but were associated with an aneurysm. Arieti 
states that if "a developmental defect is considered as 
a necessary complementary factor in the pathogenesis 
of this vascular alteration, a local ontogenetic disorder 
may also be regarded as responsible for all the lesions 

found in that case.” Gottmau, Philadelphia. 


A Fatal Case of Cerebral Malaria. I. B. Sneddon, 

Brit. M. j. 2:814 (Dec. 25) 1943. 

Sneddon reports the case of a man aged 28 who was 
admitted to the hospital in a semicomatose state, with 
a history of severe headache, vomiting and fever of 
three days’ duration. There were no abnormal signs ref- 
erable to the central nervous system. There was mod- 
erate leukocytosis; the complexion was muddy, and the 
pupils were contracted. Examination of the blood 
showed numerous ring forms of Plasmodium falciparum 
but no crescents. Twenty-four hours after the intra- 
venous administration of 5 per cent dextrose in isotonic 
saline solution and the hypodermic injection of quinine 
dihydrochloride and epinephrine hydrochloride, the pa- 
tient seemed greatly improved. However, despite con- 
tinued treatment, he became worse and died on the 
fourth day after admission. Autopsy ^tablished the 
diagnosis of cerebral malaria, Sneddon presents this 
case “as a reminder that malaria should be considered 
in the differential diagnosis of coma and that unless 
treatment is started early, gross irreversible pathological 
changes occur in the brain.” 

Gunshot Wounds of the Head in the Acute Stage. 

Hugh Cairns, Brit. M. J. 1:33 (Jan, 8) 1944. 

Cairns reports the results of a study of 459 men with 
nonpenetrating head injuries and 506 men with penetrat- 
ing injuries to the brain. There were 3 deaths among 
the men with nonpenetrating injuries and 83 among 
those with penetrating injuries. Of the patients reach- 
ing the casualty clearing station in the North African 
campaign, 20 per cent died of cerebral damage within 
the next few days. After inadequate operative treatment, 
it was noted that about 1 of every 4 of the patients 
who were evacuated had complications of brain abscess 
or meningitis. However, it has been shown that when 
patients with head injuries can be segregated at the 
casualty clearing station, where radical operations are 
done within twenty-four hours of injury by trained 
neurosurgeons, the development of intracranial infec- 
tions can be almost entirely eliminated. With regard 
to the. bacteriology of head wounds, of 36 cases studied, 
bacteria were present in all but 1, with Staphylococcus 
aureus predominating. In most cases it was noted that 
the infection first developed superficially and then spread 
inward. Although there is still no definite evidence 
to support the view that sulfonamide compounds are 
active in the presence of pus, Cairns suggests further 
trial of these drugs in cases of head wounds in war zones. 
In a series of 23 men with cerebral wounds seen seventy- 
two hours after injury, local application of penicillin 
gave promising 'results, but further investigation of the 
technic of its application must be carried out. 

Echols, New Orleans. 
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Ax Unusual Case of Cerebral Malaria. Charles 
S. D. Don and P. F. AIeyer, Brit.- M. J. 1:149 
(Jan. 29) 1944. 

Don and Meyer report the case of a 22 year old soldier 
with cerebral malaria in whom 35 per cent of the red 
blood cells were infected with one or more parasites of 
Plasmodium falciparum. Thirty-six hours after admin- 
istration of large doses of quinine dihydrochloride, the 
patient manifested pronounced cerebral symptoms and 
appeared to be dying, but responded to supportive mea- 
sures, consisting of infusions and transfusions. Intensive 
quinine therapy for the next three days resulted in 
hj'perpyrexia. Recovery was further complicated by 
hypostatic pneumonia. _ Echols, New Orleans. 


Head Injuries Involving Air Sinuses. D. McKenzie, 
Brit. M. J. 1:652 (May 13) 1944. 

McKenzie reports 10 cases of cerebrospinal fluid 
rhinorrhea due to fractures involving the air sinuses. 
In 4 cases tlie condition was the result of fracture by 
a penetrating missile, received in battle ; in the remainder, 
to blunt injury. McKenzie concludes that indubitable 
signs that the dura has been torn and that meningitis 
may be imminent are the presence of cerebrospinal fluid 
rhinorrhea and intracranial aerocele. Anosmia is sug- 
gestive of local injury. Roentgenographic evidence of 
fracture may be easily overlooked. Preliminary treat- 
ment consists in prophylactic administration of sulfadia- 
zine. One should make operative repair of the dura in 
every head injury with cerebrospinal fluid rhinorrhea 
rather than risk the dangers of natural repair. Mc- 
Kenzie used both unilateral and bilateral bone flaps. 
In each case the fistula was located by extradural ex- 
ploration. There were no complications and no deaths 


in the author’s series. 


Echols, New Orleans. 


Hereditary Familial Telangie’ctasis with Epistaxis 
.VND Migraine. A. M. G. C.vmpbell, Lancet 2:502 
(Oct. 14) 1944. 

Campbell reports the case of a young man with telan- 
giectasis whose mother and maternal aunt and grand- 
mother also had the condition. He also had migraine, 
which preceded the attacks of bleeding from the nasal 
nevi. The bleeding, in turn, relieved the migrainous 
attacks. No focal signs pointed to involvement of the 
central nervous system. The condition had not seriously 
affected the longevity of the family; 

McCarter, Boston. 


Role of Physical Constitution in the Development 
OF Dementia Paralytica. R. Orlando and M. 
Arndt, Index neurol. y psiquiat. 4:134 (Feb.) 1944. 

Orlando and Arndt studied 214 patients with dementia 
paralytica from the point of view of Kretchmer’s 'physi- 
cal types. More than half the patients (52.3 per cent) 
were asthenic, as were most of the patients with depres- 
sive and agitated psychoses. There were more of the 
pyknic than of the asthenic type among patients with 
schizophrenic pictures. The asthenic habitus was more 
frequently associated with tabes in the simple and ex- 
panswe forms. The number of patients is too small to 
justify the statement that any particular type is pre- 
disposed to the development of dementia paralytica. 

Savitsky, New York. 


Diseases of the Spinal Cord 

Subacute Necrotic Myelopathy: A Fatal Myelop- 
athy OF Unknown Origin. Charles Davison 
and Samuel Brock, J. Neuropath. & Exper. Neurol. 
3:271 (July) 1944. 

Davison and Brock report the cases of 3 young per- 
sons in whom a myelopathy, with a fairly rapid and 
fatal course, developed. The characteristic clinical fea- 
tures were progressive paraplegia; sensory impairment, 
with a level lesion; urinary disturbances, and abnormal 
findings in the cerebrospinal fluid, not typical of any 
specific lesion of the cord. 

The anatomic features consisted of necrosis or soften- 
ing of the spinal cord, most conspicuous in the lower 
dorsal and the lumbosacral region and involving both 
the gray and the white matter. In 1 case the pathologic 
process extended from the first cervical to the eighth 
thoracic segment. A syrin.x of the cord and the lower 
part of the medulla was also present. There was no 
evidence of an inflammatory reaction. In the first case 
there was a pronounced mesodermal reaction; in the 
other 2 cases neither a glia nor a mesodermal reaction 
was evident. 

The etiologic factors were undetermined in these cases, 
as well as in the other cases reported in the literature. 
Davison and Brock consider the disease in their cases 
to be subacute necrotic myelopathy, of unknown origin. 
They state that the term “myelitis” should be reserved 
for a condition of purely infectious origin. 

Guttman, Philadelphia. 


Results of Surgical Removal of Protruded Lumb.vr 
Intervertebral Discs. Burton M. Shinners and 
Wallace B. Hamby, J. Neurosurg. 1:117 (March) 
1944. 


Shinners and Hamby made a follow-up study of pa- 
tients operated on for herniation of the nucleus pulposus 
in the lumbar region. A total of 160 operations were 
performed on 140 patients (20 patients had 2 operations). 
Protruded disk was encountered in 116 patients, in 111 
of w'hom the lesion was in the lumbar region. The 87 
replies received from these 111 patients formed the 
basis for the figures compiled. Of this number, 49.5 per 
cent said they were cured, 48.3 per cent thought they 
were improved, and 2.3 per cent stated that in some 
ways they were worse than before operation. Fifty- 
four per cent had residual pain in the back, the leg or 
both ; 87.4 per cent were working, only 4 having changed 
occupation; 20.3 per cent of the compensation group 
(28.4 per cent) still receive compensation; 57.3 per cent 
had pain in the leg or back on working; 92 per cent 
were glad they had the operation, and 4.8 per cent said 
they vyere sorry. 

A striking parallelism in the results of operation was 
noted between patients receiving compensation and pri- 
vate patients. Whiteley, Philadelphia. 


Epidemic of Poliomyelitis in Zurich, in 1937. W- 
Abegg, Arch. f. Kinderh. 125:166 (April 24) 1942. 

Abegg reports observations on 167 patients witl' 
poliomyelitis in the course of the epidemic in Zurich, 
Switzerland, in 1937. The treatment consisted chiefly 
in the administration of serum and blood transfusions. 
The serum was a mixture of convalescent and so-called 
contact serum. The efficacy was not entirely convincing- 
Of the 167 patients, 62.3 per cent recovered; 19.2 per 
cent improved; 8.9 per cent did not improve, and 9.58 
per cent died. Of the 16 patients who died, 7 were 
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moribund at tlie time of hospitalization. Follow-up ob- 
servation- revealed that in 10.8 per cent of the patients 
the paralysis was so severe that they will be severely 
handicapped for life. No defects aside from the paraly- 
sis remained. The severe meningitic symptoms produced 
neither impairment of intelligence nor signs of parkin- 
sonism. The changes in character suggested by the 
parents of some of the children were the result of re- 
laxation in discipline, due to pity rather than to organic 

J. A. M. A. 


Periplieral and Cranial Nerves 

Crani.'VL-Nerve Palsies with Herpes Following 
General Anaesthesia. J. H. Humphrey and 
Margaret McClelland, Brit. M. J. 1:315 (March 
4) 1944. 

Humphrey and AlcClelland report 13 cases of cranial 
nerve palsy following anesthesia, in 2 of which the out- 
come was fatal. The use of no one anesthetic was com- 
mon to all cases. The severity of the condition varied 
from subjective trigeminal anesthesia to encephalitis. 
Twenty-four to forty-eight hours after administration of 
a general anesthetic the patients complained of a sense 
of coldness, numbness or tightness around the lips, 
which spread along the whole distribution of the fifth 
nerve on both sides. Difficulty in swallowing was also 
experienced. Circumoral herpes of the febrile type 
appeared on about the third postoperative day. The 
fifth and seventh nerves were most frequently involved, 
but the third, fourth, sixth, tenth and twelfth cranial 
nerves were affected in some cases. When improvement 
occurred, it began from the fifth to the tenth day ; rapid 
recovery followed in cases of milder disturbance, whereas 
with the more severe form residual subjective changes 
were still apparent five months later. Qinical evidence 
and the results of experimental investigation strongly 
favor a toxic theory. The authors suspect that tri- 
chloroethylene, which had been used in the anesthetic 
machine, had combined with the soda lime, with the 
pro'duction of dichloroacetylene, and they conclude that, 
until further investigations have been made, trichloro- 
ethylene should not be used where there is any possi- 
bility of its coming in contact with soda lime. 

Echols, New Orleans. 

Early Diagnosis of Peripheral Nerve Injuries in 
Battle Casualties. W. R. Russell afid A. B. 
Harrington, Brit. M. J. 2:4 (July 1) 1944. 

Russell and Harrington describe in detail neurologic 
methods for examination of wounded extremities for 
nerve injury. These procedures can be used by surgeons 
in forward battle areas. Illustrations of the methods 
are included, A simple technic of recording nerve func- 
tion is explained. The dangers of excessive splinting of 
the fingers in the early treatment of nerve injuries are 
emphasized. Maintenance of range of movement of the 
joints is all that is necessary in the early treatment of 
injuries to the nerves of the lower extremity. The 
importance of attention to the patient’s morale is 

stressed. Echols, New Orleans. 

Superior Sulcus Tumor (Pancoast). B. A. Dormer, 
F. J. WiLfis and J. Friedlander, Lancet 2:312 (Sept. 
2) 1944. ■ 

Dormer, Wiles and Friedlander describe a case of a 
tumor of the superior pulmonary sulcus associated with 
pain in the shoulder and arm, Horner’s syndrome and 


signs of pressure on the ulnar nerve. There was roent- 
genographic evidence of infiltration of the apex of the 
lung, but not of involvement of bone. As a result of 
complete paralysis of the right recurrent laryngeal nerve, 
there was inability to shout or sing. The condition 
was inoperable. A specimen was taken for biopsy, but 
it was impossible to be certain of the origin of the 
tumor. The general structure was not unlike that some- 
times seen in carcinoma of the bronchus. 

Pancoast stated the belief that the type of tumor to 
which his name has been attached comes from a remnant 
of the branchial cleft. His syndrome may be due to 
this or to any other tumor of the superior pulmonary 
sulcus. All authors are agreed that, in view of their 
location, such neoplasms are always fatal. 

McCarter, Boston. 

Neurological Cojiplic.ations of Serum and Vaccine 
Ther.apy. R. R. Hughes, Lancet 2:464 (Oct. 7) 
1944. 

Hughes reports 6 cases of neurologic complications 
following serum or vaccine therapy. Other authors 
have pointed out that of all serums, vaccines and anti- 
toxins, tetanus antitoxin most commonly causes com- 
plications of this nature. Allen classified such compli- 
cations into four types : radicular, neuritic, polyneuritic 
and central. In the radicular type which occurs in half 
the cases, an attack of serum sickness occurs five to ten 
days after injection of serum, and pain, weakness and 
wasting develop in the shoulders. Sensory changes 
are slight or absent. The neuritic type is confined to a 
peripheral nerve, with onset of paralysis twenty-four to 
forty-eight hours after the appearance of serum sickness. 
The polyneuritic type is characterized by generalized 
peripheral neuritis. The central type shows “evidence 
of cerebral involvement, usually papilledema accom- 
panied in some cases by a meningeal reaction or focal 
cerebral lesion.’’ The cranial nerves have also been 
reported to be involved. 

Hughes points out how closely these complications 
resemble the disturbances said to be due to virus infec- 
tion. “Further investigation of the etiology of these 
conditions is urgently required.” 

McCarter, Boston. 

Treatment, Neurosurgery 

Borderline Cases Treated by Electric Shock. 
Abraham Myerson, Am. J. Psychiat. 100:355 
(Nov.) 1943. 

Myerson reports the results of electric shock therapy 
in 10 cases in which either the patient was noncom- 
mittable or the condition was not amenable to clearcut 
diagnosis. These cases included instances of fixed de- 
pressive ideas, depressive states relating to real life 
situations, obsessive-compulsive states, anhedonic un- 
reality and, in 1 case, anorexia nervosa, which shifted 
to bulimia. Treatments were administered in the out- 
patient department, with temporary improvement in 
each case. Forster, Philadelphia. 

Results of Hospital Tre.atment of Alcoholis.m. 
James H. W.all and Edward B. Allen, Am. J. 
Psychiat. 100:474 (March) 1944. 

Wall and Allen report the results of hospital treat- 
ment of 100 men admitted because of alcoholism. 
Eightj'-one of the series had no psychosis. There was 
a high incidence of alcoholism among the relatives of 
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the patients. In 59 cases the mothers of the patients 
had been oversolicitous and the fathers had been success- 
ful and forceful. Study of the sexual life and the social 
and interpersonal relationships of the patients revealed 
precarious adjustments. Drinking had usually begun at 
an early age and had been continued for long periods, 
the average being fifteen years. The authors recom- 
mend a period of treatment of six months to a year. 
The therapeutic regimen consists in attention to physical 
defects, physical therapy and psychotherapy, the last 
being directed toward appreciation of the gravity of the 
situation and the underlying psychologic features, the 
need for total abstinence and the evaluation of the pa- 
tient’s assets. Follow-up studies revealed that 33 per 
cent did not improve, 19 per cent were drinking, but 
their condition had improved and 24 per cent were 


recovered. 


Forster, Philadelphia. 


Peripheral Nerve Surgery: Technical Considera- 
tions. R. Glen Spurling, J. Neurosurg. 1:133 
(March) 1944. 


In this article the technic and routine followed in 
treatment of peripheral nerve injuries at the Walter Reed 
General Hospital are described. Among the general 
principles advocated is the postponement in closure of 
battle wounds until they are reasonably clean. Two 
weeks after this secondary suture exploration for nerve 
repair is performed. At this time chemotherapy, hemos- 
tasis, mobilization and correct positioning of joints, 
freedom from nerve tension and nerve transplantation 
are important items of treatment. At operation elec- 
trical stimulation of exposed nerve trunks is valuable 
in diagnosis of anatomic severance. 

This hospital follows the radical exposure of periph- 
eral nerve injuries in all cases except those in which the 
symptoms show rapid improvement. If impulses still 
traverse the scar, only neurolysis is effected ; end to end 
suture is performed in cases of complete severance. 
Use of fine tantalum sutures and cuffs of tantalum 
foil has facilitated successful nerve anastomosis. 


Whiteley, Philadelphia. 


Treatment of Meningococcal ]\Ieningitis with 
Penicillin. Manson Meads, H. William Harris, 
Bernado a. Samper and Maxivell Finland, New 
England J. Med. 231:509 (Oct. 12) 1944. 

Meads, Harris, Samper and Finland report observa- 
tions on 9 unselected patients with meningococcic menin- 
gitis admitted to the Boston City Hospital during April 
1944. The ages of the patients ranged from 14 to 58 
years. Seven patients were acutely ill and irrational. 
One was acutely ill and rational, and 1 was only mod- 
erately ill when first seen. The duration of the acute 
illness before hospitalization varied from one to seven 
days, with an average of about three days. The usual 
laboratory studies, including examination of the cerebro- y 
spinal fluid, were performed. Five of the patients had^ 
concomitant meningococcemia. All the patients y^re 
given the calcium salt of penicillin intrathecally and 
intramuscularly. 

The clinical response to penicillin is slower than that 
to the sulfonamide compounds, for the following rea- 
sons : Biochemical and bacteriologic abnormalities in the 
spinal fluid persist longer; there may be recurrences; 
the meningococcus carrier state may persist; the treat- 
ment is difficult, and, finall}% one may eventually have 
to resort to the sulfonamide compounds. Also, strains 
of the type I meningococcus vary greatly in their sus- 
ceptibility to penicillin. Those studied in this series of 
patients resembled the relatively resistant strains of 
Staphylococcus aureus and Streptococcus viridans. 

The authors conclude from their observations that 
the sulfonamide compounds are the drugs of choice in 
the treatment of meningitis due to the type I meningo- 
coccus and that penicillin may be effective in treatment 
of this form of meningitis in the doses used (from 
190,000 to 1,155,000 Oxford units). However, the 
response is less favorable than that following the use 
of sulfonamide compounds, guttman, Philadelphia. 


The Treatment of Sciatica: An Essay in Debunk- 
ing. Arthur Hurst, Brit. M. J. 2:773 (Dec. 18) 
1943. 


Treatment of the Painful Phantoji Limb by Re- 
moval OF Post-Central Cortex. C. G. de 
Guti^rrez-Mahoney, j. Neurosurg. 1:156 (March) 
1944. 


De Gutierrez-Mahoney believes that pain is felt in 
every case of phantom limb; which, in turn, nearlj" al- 
ways follows amputation, but that it is seldom disabling. 
The exact cause of the condition has not yet been de- 
termined, but it is probably due to stimulation of 
peripheral nerves, with the pulses reaching consciousness. 

The simplest and most effective way of dissolving 
this phantom is to interrupt the centripetal pathway by 
removing the corresponding portion of the postcentral 
cerebral cortex. The author reports a case in which 
operation was performed more than tivo years before, 
with no recurrence of symptoms. 


WnnELEY, Philadelphia. 


Numerous and divergent views 'regarding the patho- 
genesis of sciatica have been expressed, and the methods 
of treatment have been as varied. A review of the 
therapy of sciatica from 1901 to 1943 corroborates this 
statement. Methods which have been tried include in- 
jection of various drugs into the nerve, the intervertebral 
space and the myalgic spots; manipulation; application 
of plaster cast; removal of herniated intervertebral disk 
or lateral intervertebral joint, and the application of 
“fuming hydrochloric acid.” As a rational method of 
treating sciatica, Hurst recommends complete rest in 
bed frorn the onset of symptoms, with immobilization 
in a plaster spica only in cases of severe pain. With 
this procedure, he insists on simple psychotherapy, which 
promotes the expectation of rapid and complete recoverj'. 

A few patients, who fail to respond after one month of ^ 
such conservative treatment, will probably reauire relief 
of root pressure by removal of a herniated intervertebral 
disk. _ , ^ . 

Echols, New Orleans. 
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Spontaneous Subarachnoid Hemorrhage with Co- 
arctation o£ the Aorta: Report o£ a Case with 
Recovery. Dr. Richard Hearne. 

Coarctation of the aorta is a rare condition. This 
fact, together with the neurologic changes in the present 
case, suggests that a report would be of interest. 

REPORT OF CASE 

H. A., a Negro aged 21, unmarried, entered the 
Philadelphia General Hospital on Jan. 3, 1944. He had 
been rejected for Army servdee in the fall of 1943 
because of “heart trouble,” but his mother declared that 
lie had alwa 3 ’'s been healthy until the daj’’ before admis- 
sion to the hospital. At that time he suddenly had a 
severe bursting headache, followed by fever, sweats and 
cramps in his neck, back and legs. 

Examination on admission was incomplete because the 
patient was irrational, hyperactive and uncooperative. 
The neck was rigid; the deep reflexes were hyperactive 
throughout; the Brudzinski and Kernig signs were 
present, and the patient was incontinent of urine and 
feces. The spinal fluid contained bright red blood, the 
last of the specimen being as bloody as the first. 
The blood pressure in the right arm was 220 sys- 
tolic and 125 diastolic. Except for leukocytosis, with 
a count of 18,200, the results of laboratory studies were 
without significance. 

Three days after admission to the hospital the patient 
was transferred to the neurologic service of Dr. A. S. 
Torna 3 ^ Examination revealed that the patient was 
strong and well developed. He was lying in a position 
of opisthotonos, was stuporous and did not respond to 
efforts made to arouse him. The neck was rigid, and 
the head was turned sharply to the left and fixed in 
that position. The deep reflexes were somewhat in- 
creased in the right arm and leg, and there was increased 
resistance to passive motion in these limbs. The ab- 
dominal and cremasteric reflexes were absent. The 
spinal fluid was still uniformly blood 3 ^ 

Examination of the chest showed enlargement of the 
heart, and there was a diffuse, heaving apical impulse. 
A high-pitched systolic murmur could be heard over the 
entire precordium. However, the most characteristic 
feature of this murmur was a pronounced, bilateral 
parasternal accentuation, which even extended down into 
the epigastrium. A diastolic murmur was also heard 
over the aortic area and in the left third interspace. 
Deep subcutaneous vessels, approximating in size that 
of a normal radial artery, could be felt pulsating over 
the chest. These vessels were especially numerous in 
the infrascapular and subscapular regions. The pulse 
over the femoral arteries was small and weak, with a 
definite lag when it was compared with the radial pulse. 
Neither the pulse in the popliteal artery nor that in the 
dorsalis pedis arter 3 ' could be felt on either side. The 
blood pressure was 205 s 3 'stolic and 80 diastolic in the 


right arm and 150 systolic and 75 diastolic in the left 
arm. No blood pressure could be obtained in the legs. 

Roentgenograms of the chest showed a moderate^’’ 
enlarged heart with a configuration characteristic of 
hypertension. There were prominence of the ascending 
aorta and absence of the aortic knob of the descending 
aorta. However, the lower margins of the ribs were 
only slightly eroded. An electrocardiogram showed be- 
ginning left axis deviation. 

The patient’s neurologic signs and his headache 
gradually subsided after a stormy course of a few days, 
during which he was kept under heavy sedation. He 
was discharged home, apparently completely recovered, 
three and a half weeks after admission. 

‘Comment . — This patient presented a classic picture of 
coarctation of the aorta with one of its commoner com- 
plications. The principal points in establishing the 
clinical diagnosis were: (1) hypertension in the arms, 
(2) absence of detectable pulse or blood pressure in the 
legs, and (3) demonstration of the collateral circulation 
circumventing the obstructed aorta. 

DISCUSSION 

Dr. Anthony S. Tornay: This patient was admitted 
to the Philadelphia General Hospital with the classic 
signs and symptoms of meningeal irritation. He was 
sent to the fever ward, and his condition, at the time 
of admission, was suspected to be meningococcic menin- 
gitis. A spinal tap revealed bloody spinal fluid. Several 
days later the patient was reassigned to service 2 of the 
neurologic ward. 

At this time I felt the patient’s condition was malig- 
nant hypertension, with one of its complications, spon- 
taneous subarachnoid hemorrhage. The course was 
very stormy; and when he began to improve, I was 
surprised to have the resident, Dr. Hearne, ask me 
whether I could detect any pulsations of blood vessels 
of the lower extremities on palpation. I failed to feel 
the pulsations of the tibial or the popliteal vessel. Also, 
it was impossible to obtain blood pressure readings in 
either lower extremity. On close examination there 
was also noted some dilatation of the superficial blood 
vessels over the chest. This, with the roentgenographic 
confirmation of the clinical diagnosis of coarctation of 
the aorta, led my colleagues and me to believe we had 
an unusual problem in this patient. 

The following points should be emphasized in connec- 
tion with this condition. First, in about 13 per cent of 
all cases of coarctation of the aorta a vascular compli- 
cation exists. A vascular anomaly in one part of the 
body sometimes means that other vascular abnormalities 
are present. Furthermore, the elevation of the blood 
pressure above the thorax leads to intracerebral com- 
plications. 

The patient improved, walked out of the hospital and 
is walking about the streets of Philadelphia, wdth the 
“sword of Damocles” hanging over his head. 

Dr. Helena Riggs : My associates and I have studied 
the incidence of miliary aneurysm in about 2,000 con- 
secutive autopsies and, oddly, we have found no coinci- 
dence with congenital defects of the heart. In all the 
45 cases in w'hich ruptured aneurysm was present there 
w'as an associated chronic degenerative cardiovascular 
disease, but not of the congenital t 3 'pe. 
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Dr. George D. Gammon: Dr. Hearne has done a 
service in calling attention to another cause of spon- 
taneous subarachnoid hemorrhage. Few of the textbook 
discussions of the cause of this condition include co- 
arctation of the aorta. I believe Brain mentioned it in 
his book. I looked up the matter at one time, when 
I was studying the case of a patient at Children’s Hos- 
pital, in the service of Dr. James Reilly. 

A bo}'- aged 11 years had a sudden onset of headache 
followed by stupor and was admitted to the hospital 
with a diagnosis of meningitis. The blood pressure in 
both arms was 160 systolic and 110 diastolic. The neck 
was stiff, and he was semistuporous. Spinal puncture 
revealed fresh blood, Avithout xanthochromia. 

Over the heart Avas noted a loud, blowing systolic 
murmur, best heard to the left of the sternum in the - 
third inner space. After spinal puncture the boy showed 
improvement for five days, during Avhich time renal 
studies Avere carried out in order to determine the 
mechanism of the hypertension. 

Urinalysis gave entirely normal results except for 
specific gravity of 1.016 and, on one occasion, 1.007, 
Avith fluctuation betAveen these levels. A urogram of 
the kidney revealed nothing abnormal except for slight 
ptosis. These negative results led to reexamination of 
the patient in an effort to determine the cause of the 
hypertension. 

The resident. Dr. E. P, Morris, noted that the blood 
pressure Avas unobtainable in the loAver extremities. The 
intercostal arteries Avere pulsating, and tAvo large arteries 
passed downward on the lateral thoracic Avail from the 
axilla for a distance of about 6 inches (IS cm.). 

Roentgenographic study shoAved no evidence of erosion 
of the ribs. The heart AA'as slightly enlarged on the 
right side but otherAvise appeared normal in the roent- 
genogram. A clinical diagnosis of coarctation of the 
aorta was made. 

The boy continued to improve for a Aveek and then 
suddenly became stuporous and cyanotic, and the blood 
pressure rose to 250 systolic and 170 diastolic. He was 
bled from the brachial artery; but the blood pressure 
fell only to 190 systolic and 170 diastolic, and he died 
of respiratory failure. 

Lumbar puncture revealed fresh blood, and it Avas 
believed that he had had another hemorrhage. 

Autopsy Avas confined to the chest. The right side of 
the heart Avas enlarged. The left ventricle showed ex- 
treme hypertrophy. At the site of the ductus arteriosus 
the aorta narrowed abruptly to about 0.8 cm. in external 
diameter. Beyond this point it ballooned out to form an 
unusually prominent thoracic segment, Avhich narroAved 
doAvn to normal size only at about the level of the 
diaphragm. 

The intercostal arteries Avere all prominent, particu- 
larly the first and second. At the constriction, the aorta 
permitted the passage of a 2 mm. probe. The lumen 
of the ductus arteriosus Avas obliterated. 

The kidneys shoAved little change, but an occasional 
glomerulus had undergone thickening of the capsule and 
partial h 3 'alinization. In other Avords, the condition 
AA-as not renal hypertension. The larger blood vessels 
of the kidney Avere not abnormal. 

Unfortunately, I could not examine the brain, and I 
do not knoAV the condition of the vessels there; but 
from the clinical picture there seems little doubt that 
the boy died of subarachnoid hemorrhage. He had a 
history of minor headaches, but nothing of any signifi- 
cance before this sudden onset o’f hemorrhage. 

I should like to ask Dr. Hearne hoAV many cases of 
spontaneous subarachnoid hemorrhage Avith coarctation 
of the aorta haA’e been reported in the literature. In 


Avhat percentage of cases is subarachnoid hemorrhage 
due to coarctation of the aorta? 

Dr. Richard Hearne : In 1928 Hamilton and Abb'ott 
reported a total of 211 cases of coarctation of the aorta 
verified at autopsy (Am. Heart J. 3:381, 1928), and in 
20 of this number death Avas due to cerebral hemorrhage. 
In 18 of these cases the hemorrhage Avas subarachnoid. 
Since 1928, 2 cases of subarachnoid hemorrhage have 
been reported in the literature. The number of cases 
similar to the one reported here is probably small. 

Meningitis Due to Infection with Torula Histo- 
lytica: Report of a Case. Dr. Joseph E. Snyder. 

The first report of a case Avhich can be almost surely 
identified as one of torulosis of the central nerA'Ous 
system Avas made by Zenker in 1861. At the present 
time less than 100 cases haA'e been recorded. The 
organism responsible for this unique disease Avas care- 
fully studied by Stoddard and Cutler in 1916. They 
named it Torula histolytica, Avhich Freeman and Wied- 
man considered a misnomer because their studies indi- 
cated that it does not have lytic properties for nerA-e 
tissue. 

T. histolytica is a pseudoyeast Avhich involves many 
internal organs, particularly the brain and the spinal 
cord, presenting three types of lesions. These lesions 
may be, first, diffuse granulomatous meningitis; second, 
small granulomas or cysts in the cortex, and, third, 
deeply placed lesions, sometimes solid but more often 
cystic. The disease apparently does not occur frequently 
enough, or is not diagnosed often enough for it to be 
considered in the differential diagnosis as often as it 
should be. Torular infection should be considered in 
cases of atypical meningeal irritation in Avhich the usual 
pj'Ogens are not encountered. India ink preparations of 
the spinal fluid provide a ready means of identification 
of the organism and differentiate betAveen the torulas 
and red blood cells, for AA’hich the organisms are often 
mistaken. 

The folloAving case is reported because it is, to my 
knowledge, tlie first case in Avhich penicillin Avas em- 
ploj'ed and because its pathologic lesions, particularly 
those of the central nervous sj^stem, Avere studied. 

E. M., an 8 year old Avhite girl, Avas Avell until tAA-o 
and a half years before her admission to the University 
Hospital, Avhen there developed an acute staphylococcic 
osteomyelitis of tlie femur and humerus Avhich Avas 
refractory to sulfathiazole and became chronic, Avitli 
sequestration and the formation of multiple draining 
sinuses. On admission to the hospital for penicillin 
therapy of the osteomyelitis, she had multiple draining 
sinuses, mild Aveakness of the right sixth nerve and 
definite nuchal rigidity and complained of frontal head- 
ache, Avhich she had noted for the preceding tAvo Aveeks. 
The vital signs AA'ere normal except for a slight elevation 
of blood ^ pressure. The blood and urine shoAved no 
abnormalities. TAventy-four hours later she suddenly 
became comatose, at Avhich time the head and eyes 
turned to the left Avith lateral nystagmus, and she Avent 
into opisthotonos AA'ith generalized rigidity except for 
paralysis of the right side of the face. Thirty minutes 
later she regained consciousness and seemed fairly alert. 
Three lumbar punctures at five day intervals shoAved 
the spinal fluid to be under increased pressure. Th'e 
fluid obtained on the first tap Avas slightly blood tinged, 
but the succeeding tAvo specimens Avere clear. Micro- 
scopic examination revealed betAveen 60 and 100 cells 
per cubic millimeter in each of the specimens of fluid, 
AA'hich Avere reported as red blood cells but Avere probably 
torulas. Cultures of the first tAvo specimens showed an 
organism Avhich Avas reported as “Monilia” and Avas 
regarded as a contaminant. The third specimen re- 
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vealed the same organism, which, when examined in 
india ink preparations, was shown to be T. histolytica. 
The penicillin, which had already been given in the 
amounts of 90,000 Oxford units daily, was increased 
to 120,000 units, supplemented by intrathecal adminis- 
tration of 10,000 units daily. In addition, large doses 
of sodium iodide and sodium sulfadiazine were given 
intravenously. The patient appeared to improve for a 
short time; theri, although she had received a total of 
nearly 3,000,000 units of penicillin, she began to have 
numerous convulsive seizures and died of sudden spon- 
taneous bilateral pneumothorax. 

At autopsy, the most striking lesions were found in 
the brain. The meninges were smooth and glistening, 
but the subarachnoid and ventricular fluid was pearly 
gray and cloudy. The brain was fixed in solution of 
formaldehyde U. S. P., in 1 : 10 dilution, for one week. 
Transverse sections of the brain revealed many small 
single multilocular cysts, occurring chiefly in the gray 
matter of the frontal and parietal lobes. These cysts 
were sparsely scattered over the ependymal surfaces of 
the cerebellum. The entire basal ganglion system was 
replaced by a mass of multilocular cysts containing a 
pearly gray, gelatinous material. Microscopic exami- 
nation revealed the cysts to be extremely thin walled, 
with no surrounding inflammatory reaction. The ad- 
joining cells appeared to be somewhat compressed. 
The cysts contained large numbers of the torulas. The 
torulas were also seen in the meninges, but there was no 
inflammatory reaction. The lungs showed small blebs 
over the pleural surfaces, extending down into the 
parenchyma. The liver, spleen and lymph nodes were 
greatly enlarged. Histologic studies showed small cyst 
formations containing torulas in all organs except the 
heart muscle, including the vertebral marrow and the 
retina. The normal architecture of the lymph nodes 
was completely destroyed and replaced by variously 
sized, thin-walled cysts containing torulas. It is of 
interest to note that numerous antemortem and a post- 
mortem blood culture failed to show the organism. 

In this case the portal of entry of the organism 
could not be determined. The diagnosis was delayed 
by failure to recognize the torulas in the spinal fluid, 
the organisms being mistaken for red blood cells. 
Previous case reports indicate that in many instances 
these organisms have been similarly mistaken for red 
blood cells or for lymphocytes. Penicillin in the dosage 
employed failed to alter the course of the disease, though 
the osteomyelitic process promptly subsided. 

DISCUSSION 

Dr. Helena Riggs : Dr. Snyder is to be congratulated 
that the diagnosis was made before death. I have had 
2 cases of blastomycotic involvement of the central 
nervous system, in both of which the diagnosis was 
made post mortem. The clinical aspects of these cases 
were so dissimilar that it might be well to outline the 
symptoms. 

The first case was that of a physician aged 50 who, 
during a period of a year and a half, showed pronounced 
mental deterioration. He was brought into the Phila- 
delphia General Hospital with a presumed diagnosis of 
dementia paralytica, which was not confirmed serologi- 
cally. While in tlie hospital, he showed such emaciation 
that a diagnosis of amyotrophic lateral sclerosis was 
considered. He died witli the diagnosis unestablished. 
There had been no signs referable to meningeal irri- 
tation. 

At autopsy the meninges showed extreme thickening 
and a “boiled egg white” appearance, and the brain was 
shrunken. 


Histologic examination revealed chronic meningitis of 
both the brain and the spinal cord, with torulas around 
the choroid plexus and over the base of the brain. The 
diagnosis was confirmed by Dr. F]. Weidman. 

The second case was that of a Negro youth aged 17. 
He was admitted to the hospital with a history of severe 
headache, stiff neck and coma and died six hours after 
admission, eighteen hours after onset of the first symp- 
toms. The spinal fluid contained 800 polymorphonuclear 
leukocytes per cubic millimeter, with a sterile culture. 
The condition in this case was not torulosis, but sporo- 
trichosis. 

At autopsy there were bruiselike areas over one sur- 
face of the brain, and histologic examination showed a 
myriad of yeastlike, or fungus-like, organisms filling 
these areas and the subarachnoid space, with a secondary 
reaction of lymphocytes. 

In the first case the condition of the nervous system 
was extremely chronic, without signs of meningeal irri- 
tation; in the second case there was a picture of acute 
purulent meningitis. 

Dr. Matthew Moore; The case reported by Dr. 
Snyder is truly an extraordinary one in view of the 
wide dissemination of the so-called torulas, involving 
practically every organ of the body. At this point, may 
I indicate that the organism is not a torula; neither 
is it histolytic, but, as Dr. Snyder intimated, properly 
belongs to the cryptococci — Cryptococcus hominis, or 
Cryptococcus meningitidis. 

It is important to emphasize what Dr. Riggs has 
stated with regard to the symptoms in cases of torulosis. 
A review of the reported cases indicates that almost 
invariably, with the exception of a few cases in which 
the diagnosis was made ante mortem, the clinical diag- 
noses have been chiefly brain abscess, brain tumor or 
tuberculous meningitis. Tuberculous meningitis seems 
to have been the most frequent diagnosis, because of the 
rather chronic course of the disease. 

Dr. Greenfield and I presented before this society a 
case of cryptococcic meningoencephalitis in which the 
meninges and brain were notably involved (Meningo- 
encephalitis Due to Cryptococcus Hominis, Arch. 
Neurol. & Psychiat. 40:1054 [Nov.] 1938). More 
recently, we have examined the brain of a man aged 68 
who had been in the Graduate Hospital of the University 
of Pennsylvania during the early part of 1943. He had 
complained of intense headache for about eight days 
before his admission. The clinical diagnosis was either 
abscess of the brain or glioma. Ventriculographic 
studies were carried out, and subsequently operation was 
performed for a tumor of the temporal lobe. No tumor 
was exposed. He died eight days after operation. 
Tissue studies of the brain revealed intense meningo- 
encephalitis, due to cryptococcic meningitis. It may be 
pointed out that in cryptococcic invasion the meninges 
are not involved alone, but there is an accompanying 
involvement of the brain itself. There is no inflamma- 
tory reaction on the part of the brain tissue. It merelj* 
is pushed aside and compressed by the growth of the 
cryptococci and does not undergo histolytic change, nor 
is there inflammation or glial reaction of any note at 
the peripherj' of the cerebral lesions. 

Did Dr. Snyder note foreign body giant cells -in his 
case? In some cases huge, multinucleated giant cells 
have appeared in or about the cerebral lesions, a feature 
reported in our first case. 

I wish that Dr. Snj’der would express an opinion 
regarding the possible relation of the widely scattered 
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lesions to the use of penicillin, in that this drug, instead 
of aborting the disease, may have acted symbiotically 
and thereby have contributed to the dissemination of the 
lesions throughout the body. 

Dr. Joseph E. Snyder: In the examination I saw 
a cell that could be considered a giant cell. Such cells 
■were certainly rare. . 

With regard to the effect of penicillin I am uncertain. 
If penicillin did no more, it retarded the progress of the 
“osteomyelitis,” and if the organism entered the body 
through the draining sinuses and was present in these 
sinuses, their healing should have some effect on the 
organism, but certainly not a curative one. 

Dr. D. Scott: In view^ of the careful way in which 
the clinical material has been assembled in this case, 
it is interesting to restudy the electroencephalogram, 
with particular attention to the pertinent information 
which it brought to light. 

At the time this patient was studied, he had been 
recently admitted to the hospital, and the diagnosis was 
uncertain. However, some examiners expressed the 
opinion that possibly the disorder was focal epilepsJ^ 
From the electroencephalogram which shows simul- 
taneous tracings from the left and the right temporal 
area, one can see that there is complete symmetry of 
the pattern, which is characterized by the appearance of 
persistent, slow, irregular waves. This type of activity 
was obtained from all areas of the cortex, although it 
was slightly more prominent in the left frontal area 
than elsewhere. This was reported as indicating the 
existence of a diffuse, degenerative process, and it rvas 
stressed that there was no evidence in favor of a single 
irritative focus. It is now known that such a diffuse 
process was present, which was both degenerative and 
pressure producing, thus giving optimum conditions for 
the type of cortical irritation that usually results in 
prominent electrical activity. 

While the electroencephalogram, of course, is only 
one of several means which helped in arrival at the 
diagnosis, I believe it was a valuable contribution in 
this instance because of the possibility of obtaining a 
clearcut differentiation between a focal and a diffuse 
lesion. 

Dr. George D. G-'^mi'Ion : Can Dr. Snyder state where 
these organisms live outside the human body? 

Dr. Joseph E. Snyder: So far as I am aware, no 
one knows where these organisms live. There are other 
species that are fairly omnipresent, but this particular 
organism has not been seen except in cases of crypto- 
coccic meningitis. 

Reeducation o£ the Aphasic Patient. Dr. Frank 
P. Bakes. 

The speech examination of an aphasic patient is 
primarily a matter of psjHiologic testing, with a view 
to determining what intellectual functions are intact. 
My colleagues and I try to determine what sensory 
avenues are available for training and what motor 
abilities remain for expression. We test particularly 
for auditory and visual function, on the sensory side, 
and for ability to write and speak, on the motor side. 
We also determine whether he can understand what he 
writes and whether he can write from dictation, either in 
print or in script. 

Most aphasic patients are under considerable emotional 
tension and are beset with worries. Our approach then 
leads us to sympathetic handling and understanding. 


We must also provide reassurance and encouragement 
because these persons are easily discouraged, as a result 
of their slow progress. 

I should like to describe briefly two methods which 
have not yet been employed extensively but which seem 
to give promise of effective use. The first is known as 
the motokinesthetic method, originated by Sara AI. 
Stinchfield and Edna Hill Young (Children with De- 
layed or Defective Speech, Stanford University, Calif., 
Stanford University Press, 1938). This method was 
devised especially for the speech training of children 
with delayed speech, but it has been found useful for 
other types of speech disorders. The method consists 
primarily of actually manipulating the articulatory 
organs in such a way as to help the subject gain a 
kinesthetic impression of the proper position of the lips, 
tongue, jaw, etc., in producing the various speech sounds. 
For example, to quote from Stinchfield and Young, “to 
produce the ‘p’ sound, let the trainer place his thumb 
and forefinger below the lower lip, moving it upward 
until the two lips meet in closed position, not allowing 
them to become taut in that position or to press upon 
each other with any degree of tension. Immediately 
upon the closure, the trainer, without lifting her hand 
from contact with the jaw, brings the lower lip and jaw 
downward, usually securing the ‘puff’ in question as the 
lower lip parts from the other.” 

Another method, reported by Grace Fernald (Remedial 
Techniques in Basic School Subjects, New York, Mc- 
Graw-Hill Book Company, Inc., 1943), is known as the 
kinesthetic method and is used primarily as a remedial 
technic in teaching the basic school subjects. The 
method could well be called a “tactual kinesthetic” 
technic, as a great deal of emphasis is placed on the 
injportance of finger contact with the paper on which 
a word is written or printed. In this procedure, the 
teacher writes in large script in crayon on a strip of 
paper the word which the child is to learn. The child 
then traces the word with his index finger, sounding 
it as he progresses through the word. After a few 
repetitions, he writes the word without copying it. 
This is especially effective in cases of disturbances in 
spelling and reading. Dr. Fernald suggests that she 
and her associates ignore the matter of handedness and 
seem to secure good results without emphasis on train- 
ing the dominant hand. 

DISCUSSION 

Dr. Henry Wycis: Has Dr. Bakes tried the use of 
music in the reeducation of aphasic patients? This 
might be of special interest in ‘view of the fact that 
some aphasics can sing words and tunes whereas they 
are unable to speak them. 

Dr. Matthew Moore : What hope of success can 
Dr. Bakes offer a patient who has had aphasia for two 
or three years? 

Dr. Frank P. Bakes: I cannot say, for we have 
not used the method long enough to determine that. In 
the cases I reported, I think that the training was 
begun shortly after onset of the aphasic condition. 

We hope to employ these methods with some of the 
patients we are getting. We did start with 1 patient 
last summer ; unfortunately, after only a few weeks, he 
was unable to continue, and we were unable to evaluate 
the results. 
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A Complication o£ Prefrontal Lobotomy. Dr. 
Lloyd H. Ziegler f and Dr. Carroll W. Osgood, 
Wauwatosa, Wis. 

The cases of 7 of 16 surviving patients were reported 
in which edema or bullae (or both) of the lower 
extremities appeared soon after prefrontal lobotomy. 
Theoretic possibilities, such as injury to the cortical 
center for the leg and foot and the paracentral lobule 
and the branches of the anterior cerebral arter 3 ’’ were 
discussed. 

The authors stated that basic research is needed to 
explain this complication, which is usually mild and 
passes away in a month or two. They expressed the 
opinion that a larger opening in the skull should be 
made to deal better with anomalies of the brain and 
skull that might be encountered. 

DISCUSSION 

Dr. Percival Bailey : The first roentgenogram 
seemed to indicate that the incision was too far back. 
It seemed to be 1.5 cm. back of the coronal suture. It 
must have entered the hypothalamus. That may explain 
in part the symptoms referable to the rectum and 
bladder. The illustration does not represent the usual 
course of the anterior cerebral artery. The artery 
usually has a large branch which leaves the corpus 
callosum for the callosomarginal sulcus, leaving only 
a small minor branch passing over the corpus callosum. 

Dr. Carroll W. Osgood, Wauwatosa, Wis.: We 
were interested in the fact that no one else had reported 
this complication, and we wondered why that was. It 
may be that surgeons did not have the patients under 
as close observation as we had in the sanatorium. We 
thought it worth while, to call attention to this edema, 
as other reports may be made to bear out our obser- 
vation. Two patients had considerable edema of the 
legs prior to operation and did not have it afterward. 
One was a very agitated woman, who stood practically 
all the time. The edema in her case may have been 
hypostatic. Since the operation, she is more active, and 
the edema has disappeared. 

Dr. Paul C. Bucy : It is probably erroneous to say 
that this edema has to do with the paracentral lobule. 
If this area of the brain were involved, it is likely that 
there would be paralysis and a BabinskI sign. I think 
the edema results from injury to the anterior part of 
the precentral area, that which Fulton called the pre- 
motor area, which has to do with vasomotor phenomena. 

Lesions of the Cauda Equina Caused by Rup- 
ture of Intervertebral Disk. Dr. Adrien Ver- 

3RUGGHEN. 

Effects of Implantation of Methylcholanthrene 
in the Brain of a Dog. Dr. Percival Bailey, 
Dr. Kentaro Shimizu and Dr. Edward W. Davis. 

This paper has been published elsewhere (/. Neuro- 
path. & Exper. Neurol. 3:184-188 [April] 1944). 

Treatment of the Convulsive State at the Illinois 
Security Hospital. Dr. A. J. Arieff. 

This is a preliminarj’- report on the therapj’- of the 
convulsive state in a series of 21 patients at the Illinois 
Security Hospital. 

t Dr. Ziegler died Jan. 8, 1945. 


The convulsive state was associated with a psychosis 
in 8 patients, 4 of whom had paranoid states with 
deterioration and 4 schizophrenia ; 2 patients were 
mentally defective; 6 patients had organic disease of 
the brain (in 1, due to trauma; in 1, to encephalitis; 
in 1, to meningovascular syphilis, and in 3, to chronic 
alcoholism) ; 4 had conditions classified as confusional 
states, and 1 had a constitutional psychopathic state. 
Deterioration was evident clinically in 11 of these pa- 
tients, or approximately 50 per cent. Ideas of persecu- 
tion were common in the whole group because of con- 
fusion and lack of insight. 

All the 21 patients had major seizures. Fifteen pa- 
tients also had minor and equivalent states. The ages 
ranged from 24 to 73 years, with a median of 41. The 
average stay iif the institution was nine years, with a 
range of from one to thirty-two years. The frequency 
of seizures varied from two to one hundred a month. 

Patients were observed only over a period of six 
months. Six patients had a remission of all seizures 
for from three to six months. All but 1 of these pa- 
tients showed coincidental improvement in behavior. 
Twelve patients showed improvement in that 4 had re- 
missions of two months and the seizures of all decreased 
in number up to 90 per cent of the number occurring 
previously. The sj'mptoms of the actual psychosis re- 
mained unchanged. 

In 1 patient therapj" seemed to have little effect. 
Practically all the patients presented behavior problems. 
The behavior of 2 patients was considered good, and 
that of 17 of the 21 patients was improved. The be- 
havior was unchanged in 2 patients. This evaluation 
of the behavior was determined by interviewing the 
attendants in the wards. A decrease in the confusional 
incidents was likely to result in more cooperative 
behavior. 

Five patients were treated with phenobarbital alone.' 
Three were treated with diphenylhydantoin sodium and 
phenobarbital ; 8, with sodium bromide and phenobar- 
bital ; 3 with diphenylhydantoin sodium and sodium 
bromide, and 2 with the combination of bromide, pheno- 
barbital and diphenylhydantoin sodium. One received 
a proprietary tablet containing belladonna alkaloids in 
addition to phenobarbital. With 3 patients treatment 
with diphenylhydantoin sodium was discontinued after 
it was found ineffective. This drug did not have any 
superior effects in relieving disturbances of behavior. 


MICHIGAN SOCIETY OF NEUROLOGY 
AND PSYCHIATRY 

Leo H. Bartemeier, M.D., President, in the Chair 
Regular Meeting, Sept. 28, 1944 

Psychiatry and Demobilization. Dr. George H. 

Preston, Baltimore. 

If one thinks from a ps\'chiatric point of view about 
what happens when armies are disbanded, it is obvious 
that the term "demobilization” fails to describe the 
process adequately. Men do not become immobile when 
thej' leave the army. The\’- are supposed to begin living 
again. From a military point of view the army stops 
moving and is demobilized. From the civilian point of 
view men who were demobilized b\' the army must get 
going again, must be remobilized. 

Remobilization in this sense has psychiatric implica- 
tions. Healthy development is a continuous process, 
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in which the solution of each day’s problems rests on 
the accumulated traces of past experience. ' The measure 
of adequacy of mental health is the extent to which past 
experience provides the individual with skills and de- 
fenses suited to the demands of the culture in which he 
lives. If this continuous process is broken or if the 
step by step development is twisted so that one step 
does not prepare for the next, he may find himself con- 
fronted, at some point in his life, with a barrier he 
cannot reach over, avoid or charge through. Military 
training introduces two disturbing factors: interruption 
of the orderly day by day process by which suitable 
civilian experience is acquired, and the introduction of 
much experience totally unsuitable for civilian life. The 
time in the man’s life at which interruption occurs is 
of vital importance. It is from this poiflt of view that 
the problems created by military training and return 
to civilian life are important. 

The problem before us today is the remobilizing of 
men whose orderly process of development has been 
interrupted. The stage of development which the man 
had reached at the time the interruption occurred is of 
importance. The problem rests more heavily on the 
younger men, who have not yet attained full adult inde- 
pendence and responsibilitj', and its seriousness probably 
varies in intensity as one moves from the agricultural 
through the mechanical trades groups toward the men 
in the white collar jobs and the professions. When men 
return to civil life, it is obvious that they will be thrown 


more or less suddenly into situations which they expect 
to find familiar but which, because of changes within 
themselves, will seem strange. The frustration which 
results from such unfamiliarity is well known to all 
psychiatrists. If that were the only factor with which 
psychiatry will have to deal, the problem would not be 
so complicated. Unfortunately, other elements enter 
the picture. Among these are resentment, which often 
exists in military service, and the effect of living in the 
closely knit units which are necessary to military 
routine. . 

In demobilization this country must deal with several 
million young men who have become adult without 
having had time to learn adult responsibility in a social- 
izing situation, landing in a strange and frustrated situ- 
ation, trained to belong to closely knit units and filled 
with the experience of destroying any one who does 
not belong. This is the problem which this country 
must face and to which the psychiatrist must be ready 
to make his contribution. If efforts are not successful 
in breaking down these close-knit, resentful, bewildered 
groups, it is obvious to any psychiatrist that the com- 
promises and the give and fake necessary for a demo- 
cratic government will be almost unobtainable. It will 
require wise planning and prompt execution to prevent 
serious results. These are matters with which psychi- 
atric organizations all over the country should be deeply 
concerned. 



Book Reviews 


Personal Mental Hygiene. By Dom Thomas Verner 
Moore, M.D. Price. S4. Pp. 331. New York; Grune 
& Stratton, Inc., 1944. 

Ps 3 xhiatrists returning from the military camps and 
war zones tell of a new source of referral of psychiatric 
cases — the chaplain. The psjxhiatrist who was accus- 
tomed to receive his clientele largely from exhausted 
families, bewildered employers and exasperated intern- 
ists now becomes aware of a new orientation in report- 
ing to or consulting with this new referring agency — 
the religious branch of the armed forces. Indeed, the 
mentally ill soldier, sailor or aviator is likely to turn 
for aid either to the post chaplain or the hospital 
ps^'chiatrist or to both. 

The appearance of Father Thomas V. Moore’s “Per- 
sonal Mental H^’^giene” is therefore particularly welcome 
at this time. It is a book on the preventive aspect of 
psychiatry written b}”^ a man with a distinctly religious 
philosophy of life. The combination of priest and 
psychiatrist, while rare in this day and age, is by no 
means contradictor 3 ^ The priest has long been func- 
tioning in a ps 3 ’'chiatric capacit 3 ’’, and the office psychi- 
atrist, consciously or unconsciously, assumes a pastoral 
role. 

However, the combination is also not without its in- 
herent difficulties. These could be summarized as the 
dangers of “colored judgment’’ and of “sitting in judg- 
ment.’’ The author deals with both problems wdth 
variable degrees of success, but with much sincerity and 
ardor. He frankly asserts that he is devoted to his 
Roman Catholic Church and does not apologize for 
having chosen his. axioms from its theolog 3 \ The only 
thing that one has a right to expect in such a situation 
is the attitude expressed in a conciliatory letter from 
one chaplain to his colleague. “Let’s stop quarreling,’’ 
he writes, “it isn’t good for the morale of our men. I 
have arrived at the conclusion that I am perfectly willing 
to let you serve the Lord in 3 ’^our wa 3 '^, as long as I 
serve Him in His way.” 

As for the attitude of sitting in judgment on the 
patient, instead of the noncondemning relationship of 
present day psychiatry, the author may be said to have 
achieved a large measure of success. The style of the 
book is in many places rather sermonic, but rarely 
“preachy.” The scolding and the hortatory form makes 
room for the religious teacher’s power of illustration. 
The book offers not only psychiatric expositions but 
a worth while cultural experience. The author chose 
the poet’s insight into the dynamics of personality as 
a short cut to analytic understanding. Thus, Oliver 
Goldsmith is presented as a case of the "creative 
psychopathic personalit 3 ^,” and there follow Rossetti, 
Swinburne, Francis Thompson and Joyce Kilmer as 
universal psychologic t 3 '^pes. 

The book treats of a great variety of subjects; re- 
ligious scrupulosit 3 ’', aggressiveness and depression, the 
rejected and the overprotected child, and the specter of 
divorce constantly threatening the integrity of the modern 
famil 3 \ There is a very readable chapter on the “enjoy- 
ment” of prejudices in race hatred ; and in the perennial 
problem of freedom or discipline in school, St. Anselm 
is shown to be a forerunner of Pestalozzi. However, 


there are three outstanding aspects of the book which 
lend it much distinctiveness, namely; ( 1 ) the interplay 
of intellect and emotion in life ; ( 2 ) the author’s attitude 
toward psychoanalysis, and (3) the positive values of 
religious sublimation. 

The author takes up cudgels for a greater role in 
psychiatry of ideologies, principled goals and habits of 
thinking. These he feels (and he is by no means alone 
in his contention) have been sadly neglected in under- 
standing or helping the neurotic and paranoid personali- 
ties. The author was brought up on St. Anselm and 
Thomas Aquinas and the other great representatives of 
scholasticism. He is enamoured of the intellectual life'. 
However, he makes a distinction between the form* of 
reasoning, of syllogism and logic, on the one hand, and 
the major premises, on the other. The reason that these 
attain to the dignity of axioms is because they have 
their roots in the bedrock of the emotional life. But 
then, again, strong emphasis is placed on the distinction 
between mere animal emotion, which is largely sensa- 
tional, and the human emotions, which have their in- 
dissoluble intellectual connections. 

His attitude toward psychoanalysis may be said to be 
ambivalent. He is at least on speaking terms with the 
“unconscious” (especially in dream interpretation) and 
uses a fair number of psychoanalytic terms and prin- 
ciples in explaining the causation of mental conflict. 
However, he reserves the right to explain in terms of 
his own philosophy the miracle of the transition from 
defense mechanisms to the heights of sublimation. 

The most constructive aspect of the book is of course 
the delineation of the domain of religious psychotherapy. 
This type of therapy, the author asserts, is infinitely 
more than the retailing of the “milk of human kindness.” 
It requires the exploration and mobilization of basic 
tendencies and concepts of the personality in meeting 
particular life situations. He rejects vehemently the 
conception of religion as an obsessional neurosis on a 
universal scale. Such an idea of religion he feels is not 
only therapeutically barren but philosophically inade- 
quate. He insists with warm conviction that religious 
psychotherapy is indispensable in man’s acceptance of 
his limited roles in society and the universe and the 
extension of his “time horizons of success” (to use a 
term of Schilder’s), and therefore must become the basis 
of a psychology of goals and values differentiating mere 
pleasure from the totality of happiness. 

How to Influence Yourself. By K. Morlan, Ph.D. 
Price, $2.50. Pp. 237. East Chatham, N. Y. : Berk- 
shire Press, 1944. 

Every so often a theatrical critic feels it necessary to 
discuss the question whether or not reviews would be 
better written by persons who are not specialists in 
their field, since the viewpoint of the person who sees 
play after play tends to become warped and the value 
of his opinion to the ordinary theatergoer thereby 
diminished. A similar question arises here, when a 
ps 3 xhiatrist has to review a book which is written 
primarily for la 3 -men. Would not a person for whom 
this book is intended be in a better position to say 
whether it could help him? A book of this sort i.s 
bound to appear naive to the specialist, and the latter 
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could quite easily look down his nose at it. There is, 
however, some reason for the psychiatrist to venture an 
opinion, since he is frequently asked by patients what 
they could read that might clarify things for them. It 
is with this idea in mind that I find some justification 
for my review. 

The author is the dean of men and teaches mental 
hygiene at the Polytechnic Institute of Puerto Rico. 
Throughout, one has the impression of a humane person, 
who has seen and heard a great deal and who is im- 
parting the results of -his observations in the form of 
“common sense” rules of living. The tendency of 
people writing books of this sort is to talk down to the 
reader, telling him dogmatically that Ihis is what he 
should do and this is what he should not do to attain 
full adjustment. Although the author slips into this 
error rather frequently, there is still enough open- 
mindedness not to make the book as obnoxious as such 
books can sometimes be. Throughout, the author refers 
to interesting case histories and illustrates his material 
with numerous examples. Many of the current psy- 
chiatric viewpoints are represented rather accurately in 
simple, everyday language, so that in a general way the 
ordinary layman is oriented correctly. Whether this 
will help him particularly is another question. Perhaps 
a person suffering from superficial personality diffi- 
culties will find something in this book to help him, 
but I doubt whether the patient with a full blown 
neurosis will get anything out of it. It is known that 
the mere intellectual awareness and' knowledge of a 
problem does not necessarily lead to cure. The value of 
this book lies mostly in the fact that the reader’s atten- 
tion is called to the possibility that he can do something 
about his problem even if it is not as simple as would 
appear to be suggested by the author. 

Poet Physicians: An Anthology of Medical Poetry 
Written by Physicians. Compiled by Mary Lou 
McDonough. Price, $5. Pp. xiii, plus 210, with 
index and bibliography. Springfield, 111.: Charles 
C Thomas, Publisher, 1945. 

Most medical poetry is doggerel written for amuse- 
ment and recreation by busy doctors. However, once 
in a while an inspired physician produces a poem that 
can rank with the best of the lyric poetry of his genera- 
tion. The medical man will view these efforts with 
greater interest than he will those of men who have had 
medical training but who are known chiefly as poets, 
such as Keats and Goldsmith. McDonough has selected 
the best from the large number of poems available and 
has included brief sketches of the lives of both living 
and dead, from many countries. 

Old favorites, like “The Chambered Nautilus” and “In 
Flanders Fields,” rub elbows with poems by doctors 
about doctors. Actually, doctors in the main do not 
make very good poets. There is a fatalistic, elegiac 


character about their verse. Death is a natural pre- 
occupation, but many of the poems represent a looking 
back on life with the philosophy but without the fresh- 
ness of long acquaintance. Medical poets are old, or 
at least they sing in the words of old men. Curiously, 
no woman’s name is found in the bibliography of over 
400 names. It is difficult to compare living poet- 
physicians, like Tucker and Moore, with those of a 
bygone age, like Fracastoro, and even the Elizabethan 
poet-physicians. There were giants in those days, but 
they spoke in different idiom. Somehow, the power of 
verse to evoke images is used fo better effect by some 
of our contemporaries than by those who have gone 
before. The compiler has spared the reader from vers 
litre, from long poems and from doggerel, for which 
she is to be thanked. However, in the lyric poetry 
presented there is almost too great preoccupation with 
death. There is a solemnity about many of the poems 
that probably belies the vigorous character of their 
authors. Humor is often toned with the macaber. The 
book is elegantly printed on paper that will not reflect 
the light from the bedside lamp. . Man}' physicians, 
poets or not, will rejoice in this delightful collection of 
the inspirations of their colleagues, living and dead. 
And some may be led to postpone no longer their own 
efforts to put on paper the results of their own pro- 
found thinking. 


News and Comment 


CANCELLATION OF ANNUAL MEETING 
OF AMERICAN NEUROLOGI- 
CAL ASSOCIATION 

The meeting of the American Neurological Associa- 
tion which was scheduled to be held this year has been 
canceled because ’ of failure to receive permission for 
the holding of the meeting. 


CORRECTION 

In the article by Dr. M. J. Madonick and Dr. Ignaz 
W. Oljenick entitled “Displacement of the Pineal 
Gland with Extradural Hemorrhage,” in the April issue 
(Arch. Neurol. & Psychiat. 53:311, 1945), the 
second sentence in the first paragraph, second column, 
should read : 

“The pineal gland was displaced 1 cm. to the right 
of the midline, 1 cm. posteriorly and 0.5 cm. downward 
(figure, B), according to the method of Vastine and 
Kinney.” 
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Disturbances in sleep consisting of insomnia 
dr hypersomnia can be divided into three main 
groups : those associated with lesions of the 
nervous S3^stem, those caused by use of drugs 
and those of psychogenic origin. In this pres- 
entation we shall be concerned essentially with 
hypersomnia caused by lesions of the central 
nervous system. Although this topic has been 
the subject of numerous contributions, the ma- 
terial under observation justifies a revaluation 
of this interesting problem. Attempts to explain 
the mechanism concerned in disturbances of sleep 
in man on a neuroanatomic and physiologic basis 
have led to various interpretations. The problem 
is beset with difficulties because the lesions in 
many of our, cases and in those reported by 
other investigators were neither single nor limited 
to specific areas in the nervous system. This 
is especially true when the somnolence is asso- 
ciated with cerebrovascular lesions or diseases 
with bilateral or multiple lesions of the central 
nervous system. It is not always possible to 
state with certainty that a localized lesion due 
to a neoplasm is the cause of this physiologic 
deviation because there may be a widespread 
disturbance in function through compression of 
other structures or through interference with the 
cerebrospinal circulation. A careful evaluation, 
however, of the clinical symptoms and the loca- 
tion of the significant lesion may aid in proving 
which centers and pathways are responsible for 
hypersomnia or insomnia. 

From the Neuropsychiatric Service and the Neuro- 
pathological Laboratory of the Montefiore Hospital, 
and the Neurological Department of Columbia Uni- 
versity College of Physicians and Surgepns. 

Presented before the Chicago Neurological Society 
on May 20, 1943 (preliminarj’- report) and before the 
New York Academy of Medicine, Section of Neurolog 3 ’- 
and Psychiatry, Feb. 8, 1944. An abstract of the paper 
with discussion appeared in 'the January 1945 issue of 
the Archives, page 79. 


As will be demonstrated, disturbances in sleep 
may occur with lesions at various levels of the 
nervous system, from the cortex to the- medulla 
oblongata. 

There is some experimental evidence in the 
human subject indicating the probable site of 
the responsible lesion. Disturbances of sleep in 
patients with involvement of the hypothalamus, 
either by neoplasm or secondary to encephalitis 
lethargica, indicates the importance of this cen- 
ter. Although the hypothalamus seems to be 
the main center controlling sleep, it is well to 
remember that it is in intimate connection with 
the cortex, the thalamus, the basal ganglia, the 
mesencephalon and the brain stem. A lesion in 
any of these centers or in the connecting path- 
ways 'may result in disturbance. of integration of 
the sleep mechanism. The disintegration of this 
mechanism may be caused by destructive and 
irritative lesions, as well as by psychogenic fac- 
tors. The disturbances of a psychologic nature 
may also depend on interference with the cen- 
ters and pathways, to be described. In several 
of the cases included in this presentation there 
were slight psychotic or neurotic phenomena. 
Despite their presence, psychologic and neuro- 
logic examinations showed that the disturbance 
of sleep was organic in nature. 

From the nosologic point of view, disturbances 
in sleep should include the various common desig- 
nations : lethargy, s'omnolence, stupor, coma and 
unconscious states. Some obserr^ers believe these 
to be separate entities rather than phases or 
stages of the same d3’-sfunction, regulated by 
identical centers and pathways. They assert that 
hypersomnia or somnolence should be differen- 
tiated from stupor, for in the former the patient 
can easil3’ be aroused and when awakened ap- 
pears to be in complete possession 'of his senses. 
Some observers claim that encephalitic patients 
when awakened are promptly oriented and that 
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their consciousness appears unclouded. Others 
maintain, however, that somnolence or letharg}', 
as best seen in cases of encephalitis, varies from 
slight drowsiness to complete stupor. Our ex- 
perience and the observations of many other 
investigators indicate that in a number of cases 
of encephalitis the patients cannot be aroused 
completely from their letharg>^ Disturbances of 
sleep and consciousness leading to stupor, coma 
and other unconscious states are probably closely 
related. They are the result of lesions in those 
parts of the central nervous system concerned 
with the sleep mechanism. A lesion in these 
centers or in their connections may disturb not 
only sleep but consciousness. It is therefore not 
unusual to find in such cases not only pure 
pathologic sleep but a certain amount of stupor 
and coma. The anal)^sis of our material does 
not justify clearcut differentiation of sleep, un- 
conscious states, stupor and coma. 

About 300 cases of disturbances in the sleep 
mechanism were observed clinically, and autopsies 
were performed in 57 cases. Most of the deaths 
were due to neoplasms; the remainder resulted 
from vascular or other diseases of the nervous 
system. The 57 cases in ^yhich autopsy was 
performed and the 2 cases in which the diagnosis 
was verified at operation and which were in- 
cluded in this presentation were studied fully 
in order to determine the location of the lesion. 
A number of cases in which diffuse lesions ex- 
isted in the cortex, diencephalon, mesencephalon 
and metencephalon were omitted from this pres- 
entation, for their inclusion would have been 
confusing from the point of view of localization. 


Location of Lesions N o. of Cases 

Cortical 9 

Corticodiencephalic 25 

Diencephalic (hypothalamus) 17 

Mesencephalic-metencephalic 8 

59 


METHOD OF PROCEDURE 

Every patient reported on was observed during the 
period of disturbance of sleep. A number of questions 
were asked, and attempts were made to arouse the 
patient, as indicated in the_ brief history of each case. 
The few patients in deep coma who could not be 
aroused were not included in this study. Since man 3 ' 
observers believe that such factors as increased intra- 
cranial pressure, endocrine disturbances and ocular 
manifestations play an important part in disturbances 
of sleep, special attention was given to these features 
in order to evaluate their significance. Only the per- 
tinent facts regarding disturbances in sleep will be 
given in the report of these cases. 

Each brain was sectioned coronally or horizontally 
at intervals of 1 cm., so that lesions of significant size 
were not missed. In all instances blocks from the 
areas of destruction or of the tumor, and from the 
tissue above and below them, were embedded in pyr- 
oxylin and stained by the myelin sheath and the cresyl 


violet method. In many cases entire sections of the 
brain were embedded in pyroxylin and cut serially at 
a thickness of 50 microns. The hypothalamic region 
was studied by the same methods in all cases. 

LESIONS AT THE CORTICAL LEVEL 

The ability of man to fall asleep voluntarily 
is an indication that the sleep mechanism is 
under the regulation of higher cortical centers. 
It is therefore reasonable to assume that dis- 
turbances of cortical function have some influence 
on abnormal sleep. The awakening of a patient 
from lethargy and mental cloudiness, as seen 
in cases of lethargic encephalitis and other dis- 
eases of the central nervous system, and his 
response to questions are further evidence that 
the higher psychic centers play an important 
role in the regulation of sleep. The cases of 
psychogenic sleep furnish additional proof of 
cortical influence on sleep. Psychogenic dis- 
turbances in sleep, which probably have their 
origin in the cortex, are most 'likely mediated 
by way of the corticohypothalamic pathways. 
In our cases in which lesions existed at the 
cortical level, we postulate that involvement of 
the aforementioned centers or tracts removed 
the normal regulatory control of the cortex over 
the hypothalamus. 

This report is concerned with 9 cases of dis- 
'turbances of sleep in which the lesion was entirely 
restricted to the cerebral cortex and white matter. 

REPORT OF CASES 

Case 1. — Infrajrontal meningioma; somnolence and 
unconsciousness. No clinical evidence of increhsed 
intracranial pressure. 

G. C., a woman aged 80, had sudden onset of paral- 
ysis of the left side, associated with somnolence, fol- 
lowed by unconsciousness, from which she could be 
aroused. Later she regained consciousness and began 
to move the paralyzed extremity. 

Neurologic E.ramination. — Examination disclosed 
diminished reflexes bilaterally, absence of pathologic 
reflexes, ^ loss of vision and secondary optic nerve 
atrophy in the right eye. The patient was dull and 
apathetic, w’ith periods of somnolence. 

Laboratory Data. — ^The urine and blood chemistry 
were normal. Lumbar puncture was not performed. 

Autopsy. — There was a large, encapsulated menin- 
gioma situated between the two frontal convolutions, 
destroying the greater part of the white matter of all 
the frontal convolutions and leaving only a thin shell 
of gray matter (fig. 1). The tumor did not extend 
posteriorly beyond the tips of the anterior horns of 
the lateral ventricles. The diencephalon was not com- 
pressed, and the hypothalamic nerve cells stained nor- 
mally. 

The tumor in this instance did not compress 
the hypothalamus. The loss of vision in the 
right eye was the result of compression of the 
right optic nerve. 
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Case 2. — Chondrosarcoma of the right frontal con- 
volutions: somnolence and, toward the end, semistupor. 
Evidence of increased intracranial pressure. 

G. S., a boy aged 13 years, gave a history of pro- 
jectile vomiting, followed shortly by diplopia and head- 


and feet, • and scoliosis. There were anosmia, bilat- 
eral papilledema, with secondary optic nerve atrophy, 
and weakness of the right side of the face of central 
type. The presence of a pinealoma was suspected, 
and roentgen therapy was instituted. 



Fig. 1 (case 1). — Infrafrontal meningioma. 



Fig. 2 (case 2). — Chondrosarcoma of the right frontal convolutions. Notice compression and distortion of 
the tip of the right lateral ventricle. 


ache. Thereafter he became drows}" but could be 
aroused. 

Neurologic Examination. — ^Examination at this time 
revealed an abnormal amount of hair; large genitalia 
•and an undescended left testicle ; large head, hands 


Laboratory Data. — The spinal fluid was under an 
initial pressure of 400 mm. of water; it was clear and 
contained 3 cells per cubic millimeter. 

Course.— Mtar roentgen therapy the drowsiness dis- 
appeared; the patient became well adjusted, attended 
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school at the hospital and entertained hirnself by_ list- 
ening to recordings of many of the classics in litera- 
ture. Two years later there developed a hard mass 
in the right frontal bone, aspiration of which revealed 
a chondrosarcoma. The boy became increasingly 
drowsy and somnolent. In the early stages -he could 
easily be aroused when he was loudly spoken to or 
prodded. The drowsiness increased to semistupor. 
Spinal puncture at this time showed an initial pressure 
of 440 mm. of water. 

Autopsy. — There was a large cauliflower mass, mea- 
suring 4.5 by 3.5 cm., in the dura over the right frontal 
convolutions. • The frontal and motor convolutions were 
compressed by this neoplasm (fig. 2). Part of the 
second and third frontal convolutions of the right side 
were destroyed and infiltrated by the tumor. Tlie 
nerve cells of the various hypothalamic nuclei did not 
show pathologic changes. 

The lesion in this instance was essentially 
cortical (frontal). Of interest is the disappear- 
ance of the lethargy after high voltage roentgen 
therapy. Interference with h3'pothalamic func- 
tion can be ruled out, for pathologic changes 
could not be demonstrated in the hypothalamus. 
The presence of diplopia in this case, alone of 
the group with cortical lesions, may have been 
the result of the increased intracranial pressure. 

Case 3. — Meningiomas compressing the right frontal 
convolutions; somnolence ; mental impairment. Evi- 
dence of increased intracranial pressure. Removal of 
tumor and disappearance of somnolence and other 
symptoms. 

L. Y., a woman aged 43, complained of increasingly 
severe headaches, somnolence and weakness. 

Neurologic Examination. — There were bilateral papil- 
edema and drowsiness, from which the patient could 
be aroused. There was marked impairment of memory, 
with considerable disorientation and blocking of thought. 

Laboratory Data. — The spinal fluid showed an initial 
pressure of 230 mm. of water. There was a trace of 
albumin, and globulin, and the total protein content was 
43 mg. per hundred -cubic centimeters. The urine and 
blood chemistry were normal. Ventriculographic studies 
suggested an expanding lesion pf the right frontal 
region. 

Course. — Craniotomy was performed, and two small 
meningiomas over the right' frontal convolutions were 
removed. After the operation the somnolence disap- 
peared. The patient remained well about five years 
after operation. 

The evidence that the patient recovered from 
the somnolence after removal of the meningiomas 
from the frontal convolutions indicates that this 
cortical area plays a role in the control of the 
sleep mechanism. 

Case 4. — Hemangioma compressing the right frontal 
convolutions ; lethargy. No evidence of increased in- 
tracranial pressure. 

C. S., a woman aged 60, complained of headache 
and drowsiness, which progressed to lethargy. 

Neurologic E.ramination. — The patient was continu- 
ously drowsy but could be awakened at times. Some- 
times she lapsed into deep stupor. There was no 
papilledema or other abnormal neurologic sign. 

Laboratory Data. — ^The blood chemistry was normal. 
The cerebrospinal fluid was under a pressure of 130 
mm. of water; the total protein content was 25 mg. 
per hundred cubic centimeters. 


Autopsy. — There were multiple telangiectatic heman- 
giomas of the liver, the frontal bones and the vertebral 
bodies. In the right frontal bone a circular area, 3 cm. 
in diameter, blue-black, compressed the frontal con- 
volutions. The hypothalamic nuclei and their nerve 
cells were normal. 

Case 5. — Subdural hematoma compressing the left 
frontal convolutions; lethargy ending in coma. No 
increase in intracranial pressure. 

G. J., a boy aged 15 years, suffered from drowsi- 
ness, from which he could be awakened. 

The only neurologic findings were hyperreflexia and 
a Babinski sign on the right side. Later the patient 
became comatose and could not be aroused. Before 
his death, the left pupil became larger than the right, 
and both were fixed to light. 

Laboratory Data. — A spinal tap revealed xantho- 
chromic fluid, with an initial pressure of 140 mm. of 
water. 

Autopsy. — There was thickening of the dura, with 
a subdural hematoma on the left side compressing the 
frontal, motor and temporal convolutions. The pia- 
arachnoid was slightly adherent and thickened.- The 
anterior horn of the left lateral ventricle was con- 
stricted, distorted and pushed to the right. The hypo- 
thalamic nuclei and their nerve cells were normal. 

In this case the drowsiness, ending in coma, 
undoubtedly was caused by the compression of 
the left hemisphere, especiallj'- the frontal con- 
volutions. Except for the slight distortion in 
the anterior horn of the left lateral ventricle, 
there was no evidence of increased intracranial 
tension. 

•Case 6. — Glioblastoma multiformc of. the right cere- 
bral hemisphere, c.vtending from the frontal to the 
occipital convolutions, slightly compressing, but not 
invading, the superior part of the dicnecphalon; 
lethargy. No evidence of increased intracranial pre- 
surc. 

S. A., a man aged 59, gave a history of “dozing off” 
at frequent intervals. 

Neurologic E.ramination. — There was left hemiplegia 
with signs of injury to the pyramidal tract and loss 
of all forms of sensation on the left side. The fundi 
were normal. The patient fell asleep frequently dur- 
ing the examination but could easily be awakened when 
spoken to loudly or shaken. When awakened, he 
would answer questions properly. At times he was 
confused and disoriented. This mental state was most 
pronounced when he was lethargic but would clear up 
if he was awakened or, interestingly, if a pretty nurse 
assisted in the examination. 

Laboratory Data.~K\\ examinations, including urin- 
alysis, gave essentially normal results. The urea nitr^ 
gen of the blood measured 25 mg. per hundred cubic 
centimeters. The cerebrospinal fluid was under a 
pressure of 200 mm. of water, but the patient was 
straining at the time. The total protein content of 
the fluid was ,67 mg. per hundred cubic centimeters; 
the cell count was normal. The Wassermann reaction 
was negative. 

Autopsy. — There was a glioblastoma multiforme of 
the right hemisphere extending from the frontal to 
the occipital convolutions, including ’ the gyrus cingulus 
on the right side and part of the corpus callosum on 
the left side (fig. 3). The right lateral ventricle was 
distorted and constricted. The hypothalamus was not 
invaded, but the superior part on the right side was 
slightly compressed (fig. 3). Sections through various 
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Fig. 3 (case 6). — Glioblastoma multiforme of the right hemisphere, extending from the frontal to the occipital 
convolutions and including the gyrus cingulus. Notice the slight compression of the right lateral ventricle and the 
superior part of the right hypothalamus, with absence of invasion. 
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regions of the hypothalamus did not disclose any patho- 
logic changes in its nerve cells. 


The tumor iw this case was essentially, limited 
'to the cortex, with slight compression of the 
superior part of the right hypothalamus. How- 
ever, there were no changes in the h 3 ^pothalamic 
nerve cells. There was no significant evidence 
of increased intracranial pressure, either clin- 
ically or pathologically. The initial pressure of 
200 mm. of water was the result of poor relaxa- 
tion of the patient, which, according to Friedman 
and Merritt ^ and others, may be disregarded. 
In this instance, the right g}'rus cingulus was 
also invaded by the neoplasm. This area, as 
suggested by Papez,- pla 3 's some role in emo- 
tional disturbances and may also be concerned 
with the function of sleep. 


Case 7. — Spongioblastoma polarc of the left motor 
and parietal region; somnolence. Clinical evidence of 
slight increase in intracranial pressure. 

S. H., a woman aged 60 had spontaneous pain in the 
fight upper extremity, dizziness, nausea and vomiting, 
paralysis of the right upper and lower extremities and 
aphasia. t 

Neurologic E.vamination. — Examination disclosed 
hemiparesis with pathologic reflexes and a hemisensory 
S3mdrome on the right side, bitemporal pallor of the optic 
disk, psychomotor retardation and depression. In the 
last two months of her illness the patient slept most of 
the time. She was not able to speak 'but answered 
questions by gestures when awakened. 

Laboratory Data. — The blood chemistry was normal. 
The cerebrospinal fluid was under a pressure of 110 mm. 
of water. The reaction for globulin Was 1 plus, and the 
total protein content of the spinal fluid was 62 mg. per 
hundred cubic centimeters. 

Autopsy. — There was a spongioblastoma polare in the 
left motor and parietal regions. It extended slightly into 
the centrum ovale. The hypothalamus was not com- 
pressed, and the hj'pothalamic nuclei did not show any 
pathologic changes. 


The disturbance of sleep in this case was the 
result of involvement of the cortex, as there 
were no changes in the hypothalamus. Al- 
though the spinal fluid pressure was normal, 
the changes in the optic disks were considered 
to be secondary to increased intracranial pressure. 


Case 8. — Meningioma of the right parieto-occipital 
commlutions, with peculiar disturbances of sleep. Clinical 
evidence of increased intracranial pressure. Question- 
able compression of the hypothalamus, zvithout pathologic 
changes. 

R. S., a woman aged 48, sustained an injury to the back 
of her head during a fall. One year later she complained 
of failing vision, weakness and headaches. At this time 
she began to have peculiar disturbances of sleep. She 
would go to sleep about 6 p. m., awaken at 2 a. m., fall 
asleep again within an hour and • then reawaken at 7 
Soon afterward she would fall asleep again and 


1. Friedman, A. P., and Merritt, H. H, : Personal 
communication to the authors. 

ArrU Proposed Mechanism of Emotion, 

Arch. Neurol. & Psychiat. 38:725 (Oct.) 1937. 


sleep a grea,t part of the day. She could easily be 
aroused but would soon lapse into sleep again. 

Neurologic Examination. — Examination revealed a 
large mass over the right occipital bone, bilateral papill- 
edema with suggestive left homonymous hemianopsia 
and conjugate deviation of the head and eyes to the right. 
There was hyperreflexia on the left side. The patient 
was confused and rambled continuously when awakened, 
unfil she fell asleep again. • 

Laboratory' Data. — Roentgenographic examination of 
the skull disclosed a circumscribed area of destruction 
of bone in the right occipital and parietal regions the 
size of a lemon, with radiating spicules of ossification. 
The urea nitrogen > of the blood was normal. The 
cerebrospinal fluid was under a pressure of 115 mm. of 
w'ater; the fluid was clear and contained no cells. 

Course. — The extracranial and intracranial portions 
of the tumor were removed at two separate operations. 
The tumor extended to the sagittal suture and com- 
pressed the opposite occipital lobe. The patient went into 
shock and died. 

Autopsy. — Part of the bone in the righ parieto-occipital 
region w’as destroyed bj' the invading meningioma. 
The tumor was situated over the right parieto-occipital 
lobes, causing extensive destruction of the' superior 
parietal, the angular and part of the first occipital con- 
volution and compressing the occipital convolutions on 
the opposite side. The ventricles on the right side were 
constricted and distorted. There was questionable com- 
pression of the diencephalic nuclei, but the nerve cells of 
the hypothalamus appeared normal. 

This case is of interest because of the pecu- 
liarity in' the disturbance of sleep in which the 
patient slept a great part of the day and had 
short periods of awakening. Although the cere- 
brospinal fluid pressure was within normal limits, 
the papilledema and the constriction of the ven- 
tricular S 3 ’^stem indicated increased intracranial 
pressure. 

Case 9. — Pachymeningitis hemorrhagica interna, com- 
pressing the right frontoparietal eonvolutions ; som- 
nolence. No evidence of increased intracranial pressure. 

F. J., a man aged 49, complained of headache, weak- 
ness, hiccuping, yawning and drowsiness. When he 
was drowsy, and sitting, his head would sag and turn to 
the right, and he would fall asleep. When awakened he 
would answer questions coherently for a short time and 
then promptly fall asleep again. Thirty years previously 
he had had a syphilitic infection, for which he received 
treatment. There was no history of head injury or of 
alcoholism. 

Neurologic. E.ramination. — The patient was extremely 
somnolent and yawned frequently; there was spastic 
hemiparesis with pyramidal tract signs on the left side; 
the pupils were irregular, and the left one was fixed to 
light and in accommodation ; there was no papilledema. 
The patient exhibited mental deterioration and poor 
orientation. 

Laboratory Data. — The Wassermann reactions of the 
blood and the spinal fluid were 4 plus. The cerebrospinal 
fluid was under a pressure of 80 mm. of water. The 
urine was normal, and the urea nitrogen of the blood was 
within normal limits. 

, Course. — The patient became progressively more 
drowsy, lapsed into coma arid died. The temperature 
ranged between 97 and 98 F. for four weeks, and once 
it was 96.4 F. 
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Autopsy . — The outer surface of the dura over the right 
frontoniotor and parietal region was extensively thick- 
ened and contained an organized hematoma. The right 
frontal, motor and parietal convolutions were flattened. 
There was a slight constriction of the right lateral ven- 
tricle. Sections of the dura disclosed a typical picture 
of pach 3 'meningitis hemorrhagica interna. There was a 
slight meningeal reaction. No inflammatory process 
was noted in the cortex. The hj'pothalanius was not 
compressed, and its nerve cells were normal. 

Tlie somnolence in this case was caused by 
compression of the right frontal, motor and 
parietal ^ convolutions. 

COMMENT 

Experimentalh' there is little evidence that 
]3ure cortical lesions cause disturbances in the 
sleep mechanism, although Sager ^ and Neiwen- 
huyzen ^ produced catalepsy in the cat after 
decortication. Johnson ® spoke of special “sleep” 
neurons in the cerebral cortex since sleep shows 
the patterns of learning by experience and habit 
formation and these features are characteristic of 
cortical activities. According to him, catabolic 
products activate the sleep neurons, which 
inhibit the other cortical neurons. He stated 
the belief that “the relations between the sleep 
system and the whole of the central nervous 
system, concerned only in elaborating the reac- 
tions of the waking state, are mutually antag- 
onistic.” 

Pathologic sleep, chiefly in the form of hyper- 
somnia, had been known to occur in cases of 
pure cortical neoplasms. In some of these cases 
it was difficult to rule out the role played by 
secondary compression of the hypothalamus and 
the effect of the generalized increase in intra- 
cranial pressure. It is well to bear in mind that 
a neoplasm, no matter how small, will interfere 
to some degree with the circulation of the cere- 
brospinal fluid. Righetti,® in 1903, analyzed the 
histories of 775 patients with tumors of the 
central nervous system. Of these, 115 had 
pathologic sleep. In 6 per cent of the latter 
the neoplasms were situated in the frontal lobe. 
Lechelle, Alajouanine and Thevenard reported 

3. Sager, O. : Experimentelle Uiitersuchungen fiber 
die Bulbocapninstarre, Ztschr. f. d. ges. exper. Med. 81: 
543, 1932. 

4. Niewenhuyzen, F. J. : Etude sur la localisation des 
phenomenes cataleptiques chez le chat, Acta brev. Neer- 
land. 4:89, 1934. 

5. Johnson, G. T. : Sleep as a Specialized Function, 
J. Abnorm. & Social Ps 3 Thol. 18:88, 1923. 

6. Righetti, R. : Contribute clinico ed anatomo- 
patologica alia studio die gliomi cerebrali, Riv. di pat. 

■ nerv. 8:24, 1903. 

7. Lechelle, Alajouanine and Thevenard: Deux cas 
de tumeur du lobe frontal a forme somnolente. Bull, et 
mem. Soc. med. d. hop. de Paris 49:1347, 1925. 


2 cases of tumor of the frontal lobe, with hyper- 
somnia as the main symptom in 1 case and as 
the only symptom in the other. They asserted 
that somnolence is the predominant symptom 
of tumors of the frontal lobe. Kolodny ® in- 
vestigated 38 cases of tumors of the temporal 
lobe and found hypersomnia in 9. Frazier,® in 
a* collection of 105 cases of tumors of the frontal 
lobe, noted some form of hypersomnia, ranging 
from drowsiness to stupor, in 34. He regarded 
somnolence as a neighborhood symptom and as 
secondaiy to involvement of the diencephalon. 
He stated the opinion that sleepiness may be 
due to increased intracranial pressure, within the 
third ventricle particularly. McKendree and 
Feinier analyzed 100 cases of cerebral neo- 
plasms and found somnolence most constantly 
when there was pronounced internal hydroceph- 
alus. The absence of somnolence in many other 
cases of pure cortical lesions with evidences of 
increased intracranial pressure militates against 
the view that increased intracranial tension may 
cause or be the sole basis of disturbances in the 
waking center or center^. It seems likely that 
the role played by increased intracranial pres- 
sure in dysfunction of sleep is somewhat over- 
estimated, In a review of 328 cases of tumors 
of the central nervous system in wflich necropsy 
was performed, evidence of increased intra- 
cranial pressure was present in about 70 per 
cent; yet disturbances of sleep occurred only in 
18^ per cent. The percentage of cases of increased 
intracranial pressure in our series of cases of 
disturbances of sleep was also about 70 per cent. 

Of about 60 cases of pathologic sleep asso- 
ciated with a lesion of the central nervous sys- 
tem, a solitary cortical lesion was found in 9. 
In none of these cases was the hypothalamus 
invaded ; in 2 instances compression of the hypo- 
thalamus could not be completely ruled out. 
In 5 cases (1, 4, 5, 6 and 9) there was no clinical 
or manometric evidence of increased intracranial 
pressure. In 4 cases (2, 3, 7 and 8) there was 
increased intracranial pressure, and the role 
played by this factor in dysfunction of sleep 
cannot be absolutely ruled out. In case 1 
manometric studies were not done, but there 
was no clinical evidence for increased intra- 
cranial tension. In cases 7 and 8 the manometric 
readings were normal, but there was clinical 
evidence of increased intracranial tension. The 

8. Kolodny, A. : The Symptomatology of Tumors of 
the Temporal Lobe, Brain 51:385, 1928. 

9. Frazier, C. H.: Tumors Involving the Frontal 
Lobe Alone, Arch. Neurol. & Psychiat. 35:525 C March) 
1936.- 

10. McKendree, C. A., and Feinier, L. : Somnolence, 
Arch. Neurol. & Psychiat. 17:44 (Jan.) 1927. 
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most definite criteria for clinical evidence of 
increased intracranial tension considered by us 
were papilledema and projectile vomiting; all 
other symptoms are questionable. Manometric 
evidence of increased intracranial tension con- 
sisted of an initial pressure of 200 mm. or above 
with the patient relaxed and in the lateral recum- 
bent position. Diplopia was present in only 
1 case. There were no endocrine disturbances, 
except in a boy of 13 (case 2), in whom the 
presence of a pinealoma was suspected and who 
had an abnormal amount of hair, large genitalia 
and large hands and feet. Slight deviations from 
the normal temperature were present only in 
case 9. In 1 case the removal of a meningioma 
from the right frontal area resulted in disap- 
pearance of the somnolence. 

From our series of cases of pure cortical 
lesions, and from the cases reported by other 
authors, we are of the opinion that some fibers 
for the control of sleep may originate in the 
cerebral cortex, especially the hippocampal, cin- 
gular, frontal, premotor and temporal lobes. 
Bard’s experiments ‘on sham rage indicate 
that the hypothalamus is to some degree under 
the control of the cerebral cortex. These im- 
pulses, such as occur in affective states for the 
expression of emotion and feelings (Davison 
and Kelman^^ and others), are mediated by 
voluntary and involuntary pathways, probably 
controlled by the corticohypothalamic pathways. 
The voluntary efferent impulses , are possibly 
mediated via the pyramidal pathways. This sub- 
ject will be discussed in greater detail in a sub- 
sequent presentation. 

Somnolence is infrequently observed in cases 
of pure cortical lesions, except when these are 
fairly -extensive, because the neurons and path- 
ways controlling sleep are widely scattered and 

11. Bard, P.: A Diencephalic Mechanism for the 
Expression of Rage with Special Reference to the 
Sympathetic Nervous System, Am. J. Physiol. 84:490, 
1928. 

12. Davison, C., and Kelman, H. : Pathological 

Laughing and Crying, Arch. Neurol. & Psychiat. 42:595 
(Oct.) 1939. • ■ 


are not concentrated in one small area, as are 
the same structures in the hypothalamus. It is 
well known that a complete hemiplegia is more 
likely to occur with a small lesion of the internal 
capsule than with a small cortical lesion. Simi- 
larly, disturbances in sleep are more likely to 
occur as a result of hypothalamic than of cortical 
lesions. 

Cranial trauma may also lead to total loss of 
consciousness or to lethargy. In some instances 
the patient can be awakened; in others, not. 
These cases cannot be cited as proof of" cortical 
control, for in most instances there was inter- 
ference with cerebrospinal pressure; moreover, 
the lesions were usually widespread and prob- 
ably involved the hypothalamus. 

SUMMARY AND CONCLUSIONS 

In 9 cases pathologic sleep was associated with 
lesions in the cortex. In none was there inva- 
sion of the hypothalamus. In 2 cases compres- 
sion of the hypothalamus could not be com- 
pletely ruled out. On microscopic examination, 
however, there was no evidence of changes in 
the nerve cells. 

Increased intracranial pressure was present 
in only 4 of the 9 cases. It is reasonable to 
assume that the role played by increased intra- 
cranial tension in dysfunction of sleep is negli- 
gible, if not totally insignificant. Ocular and 
endocrine disturbances, except for diplopia in 
1 case and endocrine features in another, were 
absent in this group of cases. 

From the study of this series of cortical lesions, 
we are of the opinion that some fibers for the 
control of sleep originate in the cerebral cortex, 
especially the .hippocampal, cingular, frontal, 
premotor and temporal convolutions. These 
areas are connected with the hypothalamus by 
means of the corticohypothalamic pathways. 
Injury to these areas or to their connections 
with the hypothalamus is occasionally the cause 
of pathologic sleep. 

) 
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DENIAL OF BLINDNESS BY PATIENTS WITH 
CEREBRAL DISEASE . 

FREDERICK C. REDLICH, M.D., and JOSEPH F. DORSEY, M.D. 

NEW HAVEN, CONN. 


Occasional cases of denial of blindness or deaf- 
ness in cases of focal cerebral disease have been 
reported in the French, Russian and German 
literature but have received hardly an}’’ attention 
from Anglo-Saxon authors. However, denial of 
blindness in cases of pathologic conditions of the 
brain is frequent, although overlooked by most ob- 
seiwers. ‘Here, 6 cases of denial of blindness will 
be reported, the literature reviewed and the syn- 
drome discussed. 

REVIEW OF LITER.A.TURE 

In 1896 Anton gave a A’erbal report of a case 
with bilateral softenings of the visual radiations, 
followed by complete blindness which the patient 
himself did not notice. Anton wrote two papers,^ 
in which he reported this case and 3 others. The 
first case was that of a 56 year old seamstress who 
was amaurotic but unaware of her blindness. She 
had d 3 ^sphasia of the amnestic type ; otherwise the 
results of neurologic examination were essentially 
normal. She did not appear to he very deterio- 
rated. Spatial orientation was impaired, and she 
was unable to localize voices or to estimate dis- 
tances by hearing. Autopsy revealed bilaterally 
symmetric lesions of the angular gyrus and the 
first and second occipital gyri, involving the 
medullary substance, and a small lesion in the 
splenium of the corpus callosum. The second case 
was that of a 64 year old teamster who was com- 
pletely deaf but thought he could hear well. The 
patient often complained that others made such a 
noise that he could not follow the conversation. 
It appeared as though he had auditory hallucina- 
■ tions but he never answered questions or ex- 
pected answers to his own questions. He was 
friendly and seemed oriented. He had dyslexia 
and dysgraphia. The results of neurologic ex- 

From the Department of Psychiatry and Mental 
Hygiene and the Department of Surgery, Yale Uni- 
versity School of Medicine. • 

1. Anton, G. : (a) Ueber die Selbstwahrnehmung 

der Herderkrankungen des Qehirns durch den Kranken 
bei Rindenblindheit und Rindentaubheit, Arch. f. Psy- 
chiat. 32: 86-127, 1899; (b) Ueber Herderkrankungen 
des Gehirns, welche vom Patienten selbst nicht wahr- 
genommen werden, Wien. klin. Wchnschr. 11:227-229, 
1898. 


amination were otherwise normal. There was 
no marked deterioration. Later paranoid delu- 
sions developed. No autopsy is reported. The 
clinical diagnosis was bilateral softening of the 
temporal lobes. The third case was that of a 69 
3 ^ear old female daily worker who was admitted 
in a state of excitement and confusion with 
sensoiy aphasia. The patient was unaware of her 
inability to understand spoken words. Autopsy 
revealed bilateral destruction df the first and 
second temporal g 3 wi, extending toward the 
occipital lobes. Anton stressed the destruction of 
the association fibers between the occipital, tem- 
poral and lower parietal lobes. He concluded 
that die syndrome of denial of sensory deficiency 
due to cerebral lesions is caused b}^ destruction 
of the association tracts. He described clearly 
that such a syndrome is not due to deterioration, 
hallucinations or hysterical manifestations. Ac- 
tuall}^ only his first case constitutes what later 
was referred to as Anton’s syndrome. 

Careful combing of the literature revealed that 
the S 3 mdrome had been described before Anton, 
but onl}’’ in a casual manner, usually with stress 
on other features of the case. Von Monakow ^ 
described 2 cases. The first was that of a 70 year 
old man with left hemiplegia and slight aphasic 
disturbances. The patient was not greatly de- 
teriorated. He was blind but was unaware of his 
blindness. Often he thought that he was in a dark 
hall. Autops}’ showed old and recent bilateral 
softenings in the cuneus and the lingular gyrus, 
extensive areas of encephalomalacia of the left 
occipital lobe and both superior temporal g 3 ’ri 
and softenings in the right thalamus and the right 
lateral geniculate body. The second case was that 
of a 50 year old man with epileptic seizures in 
whom bilateral hemianopsia developed. He had 
amnestic aphasia and was disoriented. Spatial 
orientation and memory for the appearance of 
objects were impaired. He was totally unaware of 
his blindness. Autopsy showed recent bilateral 

2. von Monakow, A. : Experimentelle und patholo- 
gisch-anatomische Untersuchungen iiber die Beziehungen 
der sogennanten Sehspare zu den infracorticalen 6p- 
ticuscentren und zum Nervus opticus. Arch. f. Psychiat 
16 : 151-199, 1885. 
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softenings of the cuneus and the lingular, gyfus 
and old softenings in the third frontal gyrus. 
Dejerine and Vialet ® reported the case of a 
64 year old man who had two apoplectic attacks, 
the second followed by complete and sudden 
blindness. The patient walked like a blind man 
but did not realize his blindness ; he called objects 
•by false names and said tears were in his eyes. 
Autopsy showed an area of old ericephalomalacia 
in .the cuneus and lingular gyrus on the right 
side, extending toward the occipital pole, and 
fresh softenings of the calcarine and' the lingular 
gyrus on the left side. Rossolimo ^ reported the 
case of a patient who was totally blind and did 
not recognize it. Autopsy revealed a softening 
in the cune'us and the iohns hngnahs on the 
side involving most of the white matter. There 
was a massive hemorrhage of the basal, ganglia 
on the right side. Mayer ® reported a case of a 
64 year old man who had visual hallucinations 
and did not admit his blindness. Bilateral soften- 
ings of the medial surfaces of the occipital lobes 
were found. Lunz ® described a case of complete 
blindness in which the fundi and pupils were nor- 
mal ; the patient was not aware of his defect. 
Bilateral occipital softenings were found. Bon- 
hoeffer ^ described a patient with alexia who ■was 
not aware of his inability to 'read. Lejoune, Ray- 
mond and Galezowski ® reported the case of a 57 
year old man with pseudobulbar palsy ; the patient 
recovered from th.e first .attack of blindness, 
which he noted, but was unaware' of his second 
attack ; autopsy was not' performed. Probst ® re- 
ported the case of a 62 year old man who had a 
cerebral accident followed by hemianopsia at the 
age of 56, became aphasic and confused at 57 and 
had right hemiplegia, . dysarthria and cortical 
blindness at 58. He remained indif¥erent toward 
his blindness and thought that he was in. a dark 
cellar most of the time. An extensive, butterfly- 
shaped glioma filling large parts of both hemi- 

3. Dejerine and Vialet: Sur un cas de excite 
corticate, Compt. rend. Soc. de biol. Hr 983-997, 1893. 

4. Rossolimo, G. : Ueber Hemianopsie und einseitige 
Ophthalmoplegie vascularen Ursprungs, Neurol. Cen- 
tralbl. 15:626-637, 1896. 

5. Mayer, C. : Eine doppelseitige homonyme Homi- 
anopie mit Orientierungstorungen, Monatschr. f. Psy- 
chiat. u. Neurol. 8:440-462, 1900. 

6. Lunz, C. : Zwei Falle von korticaler Seelenblind- 
heit, Deutsche med. Wchnschr. 1:381-393, 1897. 

7. Bonhoeffer, K. : Casuistische Beitrage zur 

Aphasielehre, Arch. f. Psychiat. 37:564-597, 1903. 

S. Lejoune, Raymond and Galezowski: Cecite cor- 
ticate par double hemianopie, Rev. neurol. 19:680-691, 
1906. 

^ 9. Probst : Ueber einen Fall vollstiindiger Rinden- 
blindheit und vollstandiger Amnesie, Monatschr. f. Psy- 
chiat. u. Neurol. 9:5-21, 1901. 


spheres and softening of both occipital lobes 
were found. 

In 1908 E. Redlich and Bonvicini published 
careful observations on 3 patients with Anton’s 
syndrome. The case of a fourth was published 
in a subsequent paper. The first patient, a 21 
year old man, was admitted with epileptic attacks 
and headaches. He was temporarily confused, 
disoriented and euphoric. He had defects of 
memory and retention but was not grossly de- 
teriorated. He had no aphasia or apraxia. He 
was totally blind ; his pupils did not react to light, 
and the disks were choked. He was absolutely 
unaware of his blindness; he thought his vision 
was intact. A tumor in the region of the septum 
peWucicium involving both sides of tlie centrum 
semiovale and the heads of both caudate nuclei was 
found. No pathologic diagnosis was made. The 
second case was that of a 49 year old woman who 
had right hemiparesis and mild aphasic distur- 
bances and within eight months became totally 
blind. Neurologic examination revealed bilateral 
optic neuritis. The pupils were wide and did not 
react to light. There was slight right hemiparesis, 
and the deep tendon reflexes were more actiye 
on the right side than on the left. The Babinski 
sign was present bilaterally. There was slight 
amnestic aphasia and no apraxia ; tactile recogni- 
tion was normal. The patient was forgetful of 
events of the recent past; she was disoriented 
for date and place but did not show any grqss 
deterioration. She confabulated about her vision, 
though she was totally blind ; usually she said it 
was dark, and she used all kinds of alibis if she 
failed to identify objects correctly. Her recall 
of colors and forms from memory was good. She 
■ usually populated her environment with various 
persons from earlier life. Autopsy revealed an 
endothelioma the size of an egg which arose from 
the clivus and compressed half of the- pons and 
the cerebellum. The third, seventh and eighth 
nerves on the left side showed compression 
atrophy ; there were secondary optic nerve 
atrophy and internal hydrocephalus. The third ' 
case was that of a 72 year old janitor who was 
admitted to the psychiatric clinic. Nine months 
before his admission headaches and left homon- 
ymous hemianopsia developed. Five days before 
his admission right hemianopsia developed, and 
he became totally blind. He complained about 
darkness, asked “for light,” was unable to identify 

10. Redlich, E., and Bonvicini, G. : 'Weitere klinisiche 
und anatomische Mitteilungen fiber das Fehlen der 
Wahrnehmung der eigenen Blindheit bei Hirnkrank- 
heiten, Neurol. Centralbl. 30: 227 and 301, 1911; Ueber 
das Fehlen der Wahrnehmung der eigenen Blindheit bei 
Hirnkrankheiten, Jahrb. f. Psychiat. 29: 1-134, 1908. 
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objects and recognized people only by their 
voices. He never admitted his blindness. The 
patient exhibited no aphasic difficulties but had 
pronounced dysgraphia. He showed mild de.- 
terioration and had slight defects of memory for 
remote and recent eyents ; he was able to repeat 
only four digits. His optic recall for numbers and 
forms was normal. Neurologic examination re- 
vealed slight spastic hemiparesis and hemihypes- 
thesia on the right side. The pupils and fundi 
were normal. The patient died, and the autopsy 
revealed thrombosis of both occipital arteries 
and extensive softenings of the mesial and basal 
parts of the occipital lobes. The uncus, hippo- 
campus, visual radiations and fornix showed 
extensive softenings. 

The fourth case was that of a 64 year old man 
who was admitted with weakness of the right arm 
and right hemianopsia after a cerebral accident. 
In a second accident the patient became totally 
blind. He was not aware of this blindness and did 
not admit it at any time. He confabulated con- 
stantly and showed slight impairment of intelli- 
gence. He was rather attentive, but his memory 
for recent and remote events and his retention 
were very poor. His spatial orientation was badly 
impaired. 

Redlich and Bonvicini drew attention to the 
fact that the syndrome is not rare ; in most cases 
observed there is bilateral hemianopsia. In the 
majority of cases there are lesions of the occipital 
lobe, but the syndrome occurs in cases of general- 
ized disease of the brain with blindness. Deterio- 
ration alone does not explain the syndrome. 

Albrecht,’-^ Anton’s pupil, described 3 cases. 
In the first, a 53 year old colonel had slowly 
progressing spastic hemiplegia on the right side. 
He had bilateral papilledema and was completely 
blind. His pupils were fixed to light. He always 
complained of darkness but never admitted to 
being blind. At first he showed only slight in- 
tellectual deterioration. Later on he became con-: 
fused and hallucinated. Autopsy revealed hyper- 
nephroma of the right kidney and a metastatic 
lesion, the size of an egg, in the left parietal 
region and another in the cerebellum. The second 
case was that of a 41 year old laborer who was ad- 
mitted with complaints of headache, dizziness, 
lack of critical ability and difficulties in the 
naming of objects. Both disks were choked, and 
the patient had left hemiplegia, left analgesia and 
astereognosis. Four months later he became 
comatose and was completely blind when he re- 
covered from the episode. He thought, however, 

11. Albrecht, O. : Drei Falle mit .A.ntons Symptom, 
Arch. f. Ps 3 ’-chiat. 59:883-941, 1918. 


that he was able to see. Autopsy showed a sar- 
coma of the posterior part of the right thalamus, 
extending into the lateral ventricle. The third 
case was that of a 31 year old business man who 
had headaches, right hemiparesis and complete 
blindness. He was hypomanic and euphoric; 
at times he had delusions of persecution and be- 
came rapidly confused. He was rather deterio- 
rated and showed considerable impairment of 
memory. He had atrophy of both optic nerves 
and spastic hemiparesis of the right extremities. 
He believed that everything was dark, used 
constant subterfuges in regard to his lacking eye- 
sight and stated that he could see perfectly well. 
Autopsy revealed a tumor of the left frontal lobe, 
the size of a .man’s fist. Albrecht maintained 
Anton’s theory that the syndrome is due to an 
interruption of neural conduction between remote 
cortical areas in different lobes. When association 
tracts are interrupted, the lack of sensory stimu- 
'lation due to blindness or deafness is no longer 
perceived. 

Poetzl described disturbances of percep- 
tion in cases of left hemiplegia and discussed the 
lack of perception of blindness. He stressed the 
frequency of the syndrome, particularly among 
patients with dementia paralytica with optic 
nerve atrophy. He was the first one to empha- 
size- that the syndrome of anosognosia, a term 
coined by Babinski,^® may be due to two lesions, 
one in the thalamus and the other in the parietal 
cortex, or to one subcortical parietal lesion. 
Tunero described a patient with a tumor in 
the right pulvinar the size of .a goose egg who 
presented Anton’s syndrome. Weber described 
the case of a patient with two consecutive cete- 
bral accidents in the course of bacterial endo- 
carditis; the second accident was followed by 
blindness, which he denied. Raney and '‘Nielsen 
reported briefly 2 cases of denial of blindness. 
The first was that of a 47 year old ma'n with 
complete loss of vision, left hemiplegia and left 
homonymous hemianopsia. The patient claimed 
he could see objects on both sides, although he 
named objects incorrectly on the left side. The 

12. Poetzl, O. : Ueber Storungen der Selbstwahr- 
nehmung bei linkseitiger Hemiplegie, Ztschr. f. d. ges. 
Neurol, u. Psychiat. 93: 117-168, 1924. 

13; Babinski, M. J. : Contribution a I’etude des troubles 
mentaux dans I’hemiplegie organique cerebrale (anosog-. 
nosie), Rev. neurol. 27:845-848, 1914. 

14. Tunero, J. : Ein Fall mit Antons Symptom, 
Psychiat. et neurol. japon. 41 : 679-690, 1931. 

15. Weber, F. P.: Agnosia of Hemiplegia and of 

Blindness After Cerebral Embolism, Eancet 1:44-46 
1942. ■ • 

16. Raney, A. A., and Nielsen, J. M. : Denial of 
Blindness (Anton’s Symptom), Bull. Los Angeles Neu- 
rol. Soc. 7: 150-151, 1942. 
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other case was that of a 54 year old woman who 
was completely blind ; she could not distinguish 
daylight from darkness but described objects. -No 
autopsy was done. 

REPORT OF PRESENT CASES 

Case 1. — M. T., a 49 3 'ear old white American house- 
wife, was admitted to the New Haven Hospital on 
July 9, 1943. Four years before her admission the 
patient first noted double vision, which disappeared 
when she changed her glasses. In the spring of 1943 
she again noted a decrease in_ vision; particularly, she 
felt unable to see from side to side as well as formerly. 
She began to have headaches, chiefly in the parietal and 
occipital regions, which were intermittent, rather severe 
and occurred mostly in the morning. There was also 
roaring in the left ear. She vomited a few times, 
without any nausea, and had several attacks of numb- 
ness over the right side of her face, which lasted about 
a minute. The patient complained of some loss of mem- 
ory for recent events in the months before her admission. 
The past medical history was not contributory. She 
came of lower middle class Yankee stock, went through 
grammar school as far as the eighth grade, had been- 
married for twentj'-five years and had twelve children, 
ranging from 24 to 3 years of age. She worked at 
home and was apparently well adjusted and contented. 
There was no history of any severe psychologic prob- 
lems or of alcoholism. The family history was not 
contributorj^ 

Physical examination showed obesity and a blood 
pressure of 170 .systolic and 110 diastolic; there were no 
signs of cardiac decompensation. The pulse rate was 
84 and the temperature 98.6 'F. Vision .was greatly ’ 
diminished, so that she was unable to read even the 
largest newspaper print. Examination of the visual 
fields showed left lower quadrantanopsia. There was 
bilateral papilledema, of 4 D. The pupils were about 
6 mm. in diameter; they were round and regular, did 
not respond to light but reacted in convergence. There 
were no objective findings pertaining to the fifth nerve. 
Hearing was not impaired objectively. The cranial 
nerves were otherwise normal The left palpebral 
fissure was narrower than the right. 

Strength, coordination and muscular tone of the trunk 
and the extremities were normal. The sensory status 
was normal. The abdominal reflexes were present on 
both sides. All deep tendon reflexes were hyperactive 
and equal on the two sides. The plantar responses were 
diminished. 

Laboratory Data. — The urine was normal. The Kahn 
reaction of the blood was negative. The blood count 
showed 20 Gm. of hemoglobin per hundred cubic centi- 
meters, 4,140,000 red cells, 5,400 white cells and a normal 
differential count. The nonprotein nitrogen measured 33 
mg. per hundred cubic centimeters. An electroencephalo- 
gram was normal. A roentgenogram of the skull re- 
vealed increased convolutional atrophy and enlargement 
and erosion of the sella turcica, probably secondary to 
increased intracranial pressure. The diagnostic' im- 
•pression was tumor of the brain stem or of the hypo- 
thalamus. 

Yentriculographic examination, on JuN 15, pointed 
to a midline tumor of the midbrain, resulting in eleva- 
tion of the floor of the third ventricle, with a complete 
block at the 'origin _ of the aqueduct of Sjdvius and 
‘obstructive hydrocephalus. The roentgenologist thought 
that the tumor might be a pinealoma. On July 26 a 
craniotomy in the right parietal area was performed 
by one of us (J. F. D.), the splenium of the corpus 


callosum split and the third ventricle entered, tut no 
tumor could be found in the region of the pineal gland, 
the hypothalamus or the midbrain. The patient’s imme- 
diate postoperative course was uneventful. However, 
on August 9 she became confused and agitated; she 
was completely disoriented and was euphoric; she 
seemed to hear voices of persons she knew, saw mem- 
bers of her familj', though the/ were not present, and 
talked at random. It appeared at that time that the 
patient was completely blind but seemed to disregard 
her blindness. When asked how many persons were 
present in her room, she would guess wrong, and she 
gave completely false descriptions of persons and objects 
in her room and of the examiner. When a light was 
flashed directly in front of her eyes, she was unable to 
sa}”- when the light was on or off. When her blindness 
was pointed out to her, she would reply, , “Oh. I see 
all right. It’s quite dark, but I see you.” There was 
evidence of intellectual deterioration. The patient was 
only roughly oriented for current events and showed 
but little knowledge of topics of common .interest, such 
as the war, prices bnd rationing. She tv'as unable to_ 
define differences between a river and a lake or a midget 
and a child, or to make statements about similarities of 
an orange and a banana or a buggy and an automobile. 
She would not cooperate even in the simplest calcu- 
lation. There was evidence of an amnestic aphasia. 
She seemed^ to have severe defects in her memory of 
recent events and could not remember that she had been 
operated on. She was unable to retain the examiner’s 
name, even for three minutes. She did not know that 
she was in the hospital and thought she was at home. 
There was no astereognosis. On August 30 a sub- 
occipital craniotomy (by Dr. Bernard Brody) was 
carried out and no tumor was found. The immediate 
postoperative course again was good, but gradually the 
patient showed advanced deterioration. She lay motion- 
less in her bed, would not talk, became Incontinent and 
had to be fed. The neurologic signs did not change 
materially except that secondarj' optic nerve atrophy 
developed. The patient remained in the hospital in a 
vegetating condition until Jan. 8, 1944, when she was 
taken home for economic reasons. 

The diagnosis remained unclear; the presence of a 
hypothalamic tumor was unverified, and the question 
of an obstruction of the sylvian aqueduct, of unknown 
cause, arose. 

Case 2. — J. C., an 8 year old white boy, was admitted 
to the New Haven Hospital on Oct.. 2, 1943, with the 
complaint of blindness. 

Four years before his admission he had an acute attack 
of otitis media of the left ear ; thereafter the ear drained 
intermittently. In August 1943 his tonsils and adenoids 
were removed, and shortly afterward “boils” developed 
in the canal of the left ear. During the first week of 
September he compla.ined of pain in the left eye, the 
left shoulder and the left side of the neck. At this 
time he was given “vitamin Bi for toxic neuritis.” 
Fifteen daj's before admission to the hospital he “went 
blind.” Three days later he had a stiff neck and 
was treated for meningitis at another hospital. Nine 
daj's before his admission a mastoidectomy was done 
on the left side. Cultures showed Staphylococcus albus. 
After the operation he was given a transfusion and 
appeared to be doing well until the day before his ad- 
mission, when he began to vomit. Examination of his 
eyegrounds showed papilledema. He was referred to 
this hospital for admission. 

The family and the past history were noncontributory. 

Physical Examination. — The boy was pale and ap- 
peared chronically ill ; he was alert and talkative. 
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There was a bandage over the left. ear. The right 
•pupil measured 4 mni. and the left 3.5 nun. The 
right pupil did not react to light The left pupil showed 
minimal contraction to light, and light shined into this 
eye caused consensual contraction of the right pupil. 
He was unable to see light when a flashlight was 
shined directly into the right eye. On the left side 
he could recognize light only in the temporal field. 
The fundi showed choking of the disks, measuring 4 D. ; 

I the vessels were extremely tortuous. There was in- 
ability to turn the left eye to the left beyond the 
midline or to turn that eye down and out. Otherwise 
the cranial nerves were intact. The neck was rather 
' stiff. The extremities were equally strong on the two 
sides. Motor coordination was good. Sensations for 
touch, pinprick and position were intact. All deep re- 
, flexes were absent; the plantar response was dimin- 
ished on the right side and equivocal on the left. Num- 
bers written in his hands were recognized. When he 
was given objects to name, he called a safety pin a 
“big pen” or a “straight pen.” Calculations were poorly 
done; 2x3 = 7 and 4 X 3 = 7. When asked to mul- 
tiply 6 by 9 and to add 9 and 14, he replied, “Can’t do.” 
When he was asked to touch his left hand to his right 
shoulder, he put his left hand on his right elbow. 
When asked to touch his right hand to his right ear, 
he touched his left hand to his right ear. When given 
a pen and asked \o write, he wrote his name and address 
and wrote to simple dictation. He could feed himself 
with a fork and a spoon. The clinical impression was 
that of an abscess of the superior part of the left tem- 
poral lobe. 

On Oct. 4, 1943, during a ventriculographic study, 
the wall of an abscess was encountered 3 cm. below 
the burr hole in the left occipital area. The left ven- 
tricle could not be tapped. The right ventricle and 
the tliird ventricle were shifted to the right. Operation 
was performed on the same day by one of us, J. F. D. 
An incision was made anterior to the left ear; after re- 
moval of some of the bone, the dura was opened, and 
the wall of an abscess was encountered at a depth of 
0.75 cm. Fifty cubic centimeters of thick, yellow,, putrid 
pus welled forth. A second, large, connecting cavity 
was found posteriorly. Iodized poppyseed oil was in- 
stilled into the depths of the cavity, which was then 
I packed with petrolatum gauze after a Penrose drain 
had been inserted. 

Postoperative roentgenograms showed the iodized 
oil to be “approximately 3 cm. from the inner table 
of the temporal bone in the frontal view, while in the 
lateral view it appeared to be above the tip of the 
mastoid.” On the day after the operation the pupils 
no longer reacted to light or consensually. Moreover, 
when a flashlight was shined directly into either eye, 
the patient was unable to tell whether the light was on 
or off. At this time he maintained that his vision 
was good; he described his physician as wearing a hat, 
although actually none was worn. He made similar 
mistakes in other tests. When asked to point to the 
window or the door, he would point in various direc- 
tions. When his errors were explained to him, he still 
would not admit that he was blind. When asked whether 
he could see, he said he could see well. When he was 
told to look at objects and to name them, he made 
wrong guesses. When his mistakes were pointed out 
to him, he did not seem surprised and insisted that his 
eyesight was good. When told directly that he could 
not see, he again retorted that he could see well. This 
behavior persisted two more days. On October 8, when 
his vision was tested with a flashlight, he could not 
tell whether the light was on or off ; and when he was 
asked whether he was not blind, he said “I don’t care 


if I can’t see.” To most questions involving vrsioil he 
replied “I don’t know.” 

‘On October 11 he could tell for the first time when 
a light was shined onto either the nasal or the tem- 
poral field of the left eye. There still was no pupillarj'^ 
response to light. A small fungus developed in the 
wound, but by October 30 the fungus was pulsating. 
On November 28 the right eye was blind. The left 
pupil measured 4 mm., the same as the right; the 
left pupil reacted to light and the right consensually. 
The patient still had trouble in remembering the sequence 
of the months and the correct order of words in his 
prayers. He was unable to state when Christmas is, 
nor did he know how many weeks or days there are 
in a month. Calculations were done as before : 4 X 3 = 7, 
and 4x2 = 6. He identified objects placed in either 
hand. The wound in the head was completely healed 
by December 5, and he was discharged on that date. 
Thereafter he continued to do well ;- and when he was 
seen on January 11, vision had improved so that he 
was able to count fingers at 3 inches (7.6 cm.) with 
his left eye and was aware of the blindness of the 
right eye. He still omitted four months when asked 
to name the months of the year in order. He did 
calculations correctly : 7-1-5=12; 4X3 = 12; 6x4 
= 24 ; 15 — 7=8. He readily obeyed complicated com- 
mands pertaining to the body scheme. 

* 

Case 3. — A. J., a white man aged 46, a machinist, was 
admitted to the New Haven Hospital on Oct. 3, 1943, 
complaining of blurred vision in his right eye of three 
weeks’ duration. 

Present Illness . — Three and a half weeks before entry 
to the hospital, while working, he felt a sharp pain 
in the right eye and thought that a particle had got 
into the eye. There was no redness or watering, and 
the pain subsided in about a half-hour, to recur inter- 
mittently thereafter. Three days later, while inspecting 
a .finished product with a magnifying ocular, he noted 
that he could see nothing with the right eye. When 
he closed the left eye, he realized that the right eye 
was completely blind except for “hazy vision” in the 
upper field. He could not see objects directly ahead 
or below him. He also noted sharp pain on movement 
of the eye to either side and a sense of pressure behind 
the eye. About the same time there were intermittent 
“sharp pains ^deep in the bones” of the right cheek and 
temple and the right side of the forehead. These lasted 
from a few minutes to two or three hours and usually 
were relieved by acetylsalicylic acid. 

One week before his entry there was blurring of 
vision in the left eye, which increased in intensity so 
that on admission he was able to read only headline 
type in the newspapers. For three days prior to ad- 
mission -he had had a chest cold. 

The family and the past medical history were not 
contributory. 

Physical Examination . — The patient was well devel- 
oped, stocky and slightly obese. He did not appear to 
be in distress. General physical examination revealed 
nothing remarkable. The temperature was 98.6 F., the 
blood pressure 128 systolic and 104 diastolic, the pulse 
rate 76 and the respiratory rate 12 a minute. The head 
was symmetric. There w'as hyperesthesia to light touch, 
but not to pain or to deep pressure, over the cheek, 
the periorbital region, the forehead, the temple and the 
parietal region on the right side. The right pupil was 4 
mm. and tlie left 3 mm. in diameter. The right pupil 
reacted sluggishly to light; the left, promptly.* Extra- 
ocular movements were full; there was no nystagmus. 
There was pronounced concentric constriction of the 
visual field of the left eye. Determination of the field 
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of the right ej'e was not possible. There was bilateral 
choking of the disks, measuring 3 D. In the upper 
third of the left disk was a small perivascular area 
of brown-red pigmentation, which appeared to be an 
old hemorrhage. Otherwise the cranial nerves were 
normal. Muscular strength was good in all extremities. 
The knee and ankle jerks were livelier on the right 
side than on the left. Associated movements on walking 
were more noticeable on the left side than on the right. 
The finger to nose test was not as well done on the 
right side as on .the left. 

• Laboratory Data. — The blood count showed 4,800,000 
red cells, hemoglobin 88 per cent and 9,600 white cells. 
The Kahn reaction of the blood was negative. Urinalysis 
revealed a specific gravity of 1.007, no albumin and no 
sugar. Microscopic examination showed no cells or 
casts. Roentgenograms of the skull revealed the right 
optic foramen to be slightlj’- larger than the left. The 
cortical outline waS thinner on the right side. Lumbar 
puncture revealed an initial pressure of 350 mm.; after 
12 cc. of clear, colorless spinal fluid was withdrawn, 
the final pressure was 180 mm. The fluid contained 28 
lymphocytes and 8 polymorphonuclear cells per cubic 
millimeter ; the total protein was 510 mg. per .hundred 
cubic centimeters. The Wassermann reaction of the 
spinal fluid was negative, and the colloidal gold curve 
was OOOOOOOOOd. 

Three days later there was slight flattening of the 
nasolabial fold on the left.. The corneal reflexes were 
now absent bilaterally. A ventriculogram was made on 
October 16. The ventricular fluid did not appear to be 
under tension, and 40 cc. of fluid was removed. How- 
ever, the filling was unsatisfactory. The roentgenograms 
showed subdural air over the right hemisphere and 
slight dilatation of the anterior horns. 

After ventriculographic examination there was rapid 
reduction of the remaining vision in the right eye, so 
tliat determination of the visual fields on October 21 
showed complete loss of vision of the right eye and 
visual acuity of 6/100 in the left eye, with some con- 
striction of the upper temporal field in the left eye. 
Five days later there was further constriction of the 
superior and temporal fields in the left eye, vision in 
that eye now being 1/40 — 2. Since the ventriculo- 
grams failed to show any evidence of an expanding 
lesion, the patient was discharged from the hospital on 
November 3. He was readmitted on IjTovember 17 
because during the two weeks he had been away there 
had been complete loss of vision in the left eye, and h^ 
was now completely blind. He had also noticed “dizzi- 
ness” on standing or sitting up quickly. Physical ex- 
amination showed that the pupils were small, measuring 
2 mm., and did not react to light; the disks were about 
the same as before, and, while the extraocular move- 
ments were still full, there was now fine sustained 
nystagmus on extreme lateral gaze to the right or to 
the left. Two days later the nystagmus was more pro- 
nounced to the right. The right disk was whiter than 
the left; both were swollen, the left more than the 
right. On November 24 a pneumoencephalogram was 
made. Again,, there, was poor filling, and the films were 
of no diagnostic value. Ventriculographic examination 
was repeated on November 26, and this time irregularity 
of the wall and the floor of the right interior horn 
was seen. There was incomplete filling of the anterior 
portion of the third ventricle. An electroencephalogranj 
taken on December 2 showed a focus of slow waves in 
the right frontotemporal area. 

After the second ventriculographic examination the 
patient began to have intermittent elevation of tem- 
peramre, sometimes reaching 101 F. He was disoriented 
or time and place. He said that he could see ; but when 


he was asked whether a light was shined in his eyes, he 
made numerous errors and could not point out the 
position of the light. He described the suit that the 
physician wore; calling it brown, Avhen actually it was 
white. He could not point to either the window or the 
door of his room. The patient was obviously blind but 
did not seem to notice this himself. When it was 
explained to him, he refused to believe it. He attempted 
to reach for objects, and when given them, tried to 
handle them as though he could see. At times he had 
difficulty in naming the objects he handled. 

By December 10 the patient responded only in 
mumbles, appeared stuporous, refused to eat and had 
to be fed with a tube. He preferred to lie with his 
head and eyes turned to the right, and forcible turning 
of the head to the left caused him to moan with pain. 
The neck was stiff ; Kernig’s sign was present bilaterally, 
and the plantar response was equivocal on the left and 
diminished on the right. The next day he was comatose. 
On December 12 the .temperature, which had gone 
progressively higher on the three preceding days, reached 
105 F. The pulse rate was 120 and the respiratory 
rate 60. He was cyanotic; the distal extremities were 
cold, and he died the same day. 

Anatomic Study (Dr. Hildegard Arnold). — There was 
a small cerebellar pressure cone. The right, optic nerve 
was thickened by an inherent tumor, sp that the nerve 
appeared to be about three times- its normal diameter. 
The tumor involved the entire floor of the third ven- 
tricle and was adherent to it. The pituitary body was 
normal. There was a firm, slightly hemorrhagic mass 
filling the whole of the third ventricle and replacing 
most of the hypothalamic structures! The growth had 
extended in plaques to involve the orbital gyri of both 
frontal lobes. 

Anatomic Diagnosis. — The diagnosis was primary 
sarcoma involving the optic chiasm and the tuber 
cinereum, with flattening of cerebral gyri. 

Case 4. — C., a Russian Jew aged 62, was admitted 
to the psychiatric clinic on April 19, 1944, with symp- 
toms of anxiety, depression and agitation, after several 
abortive attempts at suicide. In the summer of 1943 
the patient, after some domestic worries, became run 
down. She lost weight, could not sleep and complained' 
of constant burning in her stomach. A diagnosis of 
“leukemia” was made, and the patient was treated Avith 
liver and pentnucleotide until the blood picture became 
normal again. Tavo Aveeks before admission she became 
tense, agitated and anxious, slashed her Avrist and 
swallowed a piece of Avood. She moaned and com- 
plained constantly and Avas admitted to the psychiatric 
clinic. 

Her medical history Avas not contributory. The meno- 
pause occurred at the age of 52. The patient had six 
children, all of them highstrung but physically Avell. 
She had been born in Russia and had come to the 
United States at the age of 17 years. She had been a 
fairly well adjusted, outgoing, hard working, aggressive 
Avoman, Avho held the family together and had been 
responsible for its social rise. 

Physical Examination. — The physical status Avas nor- 
mal except for hypertension, Avith a pressure of 170 
systolic and 98 diastolic, slight enlargement of the heart, 
accentuation of the aortic second sound and a soft, bloAV- 
ing apical and pulmonic diastolic murmur. The electro- 
cardiogram shoAved an axis shift characteristic of hyper- 
trophy of the left A’entricle. The rest of the physical 
examination and all laboratory tests (a Kahn test of 
the serum, studies of the blood and urine, roentgeno- 
graphic examination of the skull, serial roentgenographic 
study of the gastrointestinal tract, pyelographic examina- 
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lion, lumbar puncture, clectroencephalographic studies 
and examination of the stools) gave normal results. 
Excretion of tlie dye in the phenolsulfonphthalein test 
was normal. The nonprotein. nitrogen measured 34 mg. 
per hundred cubic centimeters. The patient continued 
to be anxious, agitated and depressed; she thought that 
she was incurably sick and complained constantly of 
“burning up.” Otherwise there were no delusions or 
hallucinations. There was no evidence of deterioration. 
The sensorium was clear, and memorj’^ and retention 
were normal. 

Treatment consisted of administration of large doses 
of barbiturates by day and use of paraldehyde and wet 
packs at night. On April 26, at 8 : 30 p; m., she com- 
plained about dizziness and said she had fallen. Exam- 
ination at that time revealed nothing significant. At 
9 : 30 p. m. the patient was discovered lying across the 
bed in an attitude of prostration, with cold, clammy, 
blue skin and stertorous breathing; die pulse was good, 
and the blood pressure was 110 systolic and 70 diastolic. 
The patient was comatose for about half an hour. 
Neurologic examination revealed nothing significant. 
When she regained consciousness, she was confused 'and 
disoriented and had considerable difficult}'- in. under- 
standing and . expressing herself. On the morning fol- 
lowing the attack it was noted that the patient did 
not recognize any objects. She could not say correctly 
where the door or tlie windows were, nor how many 
persons were in the room. She was unable to see strong 
light in front of her eyes. She made false descriptions 
of the appearance of persons in the room. It was evi- 
dent that she was blind and did not perceive her blind- 
ness. When asked whether she was blind, she denied 
it. Her pupils -were 5 mm. in diameter ; they were equal 
and regular and reacted to light. Neurologic examina- 
tion revealed- no abnormality except for absence of the 
abdominal reflexes and a bilateral Babinski response. 
The retinal vessels appeared extraordinarily thin. Dur- 
ing the examination the patient had a second attack, 
which was almost identical with the one on the previous 
evening except that it was more severe and of longer 
duration. She was comatose for about two hours and 
then gradually recovered consciousness. In this state 
she had definite jargon aphasia with inability to com- 
prehend. On the following day the aphasia and all 
pathologic and neurologic signs, including the blindness, 
has disappeared. The patient seemed much improved 
mentally and was calm, friendly and cooperative. There 
were no hypochondriacal complaints. The retinal ves- 
sels showed slight arteriosclerosis but were not as thin 
as during the attack. The patient was oriented; her 
memory seemed good except for complete amnesia for 
her attacks. It was as though she had “shocked” her- 
self out of her agitated depression. The nature of 
these attacks remained unclear. Possibly she had cere- 
bral angiospasm which caused temporary focal symp- 
toms, aphasia and blindness, with Antop’s syndrome. 
One week after the attack the patient was just as 
psychotic as before and remained so until her discharge 
to another hospital, on June 20, 1944. 

Case 5. — C. C., a 59 year old woman, was admitted 
to the New Haven Hospital for the second time on 
July 3, 1944. Known to be diabetic since 1932, she 
responded to diet therapy, and use of insulin was un- 
necessary until 1939. In 1936 she noted deterioration 
of vision in both eyes, particularly the left. An ophthal- 
mologist found hemorrhages in both retinas. In 1940 
vision in her right e 3 'e became temporarily worse, and 
for a short while she was unable to see at all. Her 
vision improved again for several months and then be- 
came gradually poorer. On Sept. 25, 1941 the patient 


was admitted to the New Haven Hospital for the first 
time, on account of rapidly failing vision. 

Physical examination revealed a blood pressure of 
225 systolic and 84 diastolic; otherwise the vital signs 
were normal. The fundi were obscured by opacities, 
presumably in the lens. The heart was slightly enlarged 
to the left. The patient had 4 plus pitting edema of 
both legs. There is no report of any personality dis- 
turbance, and the results of neurologic examination were 
normal. 

Laboratory Data. — The urine gave a 4 plus reaction 
for albumin and contained sugar. The blood count re- 
vealed 3,000,000 red cells, 71 per ceht hemoglobin, 5,700 
white cells and a normal differential count. The Kahn 
reaction of the blood was negative. The nopprotein 
nitrogen of the blood measured 29 mg. per hundred 
cubic centimeters. The fasting blood sugar level was 
149 mg. per hundred cubic centimeters ; the serum 
protein measured 5.56 Gm. per hundred cubic centi- 
meters; the phenolsulfonphthalein test showed excretion 
of only 11 per cent of the injected dye in four hours. 
A roentgenogram of the chest showed enlargement of 
the left ventricle; there was hypertrophic osteoarthritis 
and calcification in the left 'upper quadrant of the 
abdomen, of undetermiried cause. 

A diagnosis of intercapillary glomerulosclerosis (New- 
burger and Peters,^ Kimmelstiel and Wilson i®) was 
made. The patient was followed in the metabolism 
clinic, and treatment with a high protein, antidiabetic 
diet and small doses of insulin was continued." Under 
this regimen she was able to hold her own until the 
spring of 1943, when her eyesight began to fail notably. 
The nonprotein nitrogen had risen to 52 mg. per hundred 
cubic centimeters, and an ophthalmologist' found numer- 
ous punctate opacities in the vitreous and retinal hemor- 
rhages. In the summer of 1943 she was unable to 
work as supervisor of a boys’ camp because lof poor 
vision. On May 10, 1944 it was noted that sl\e was 
“wandering mentally.” At the time of her second 
admission the ph37sical findings were as follows : The 
vital signs were normal. The blood pressure was 220 
systolic and 110 diastolic. There had been no changes 
with respect to the heart since her first admission 
except that she had no edema. For all practical pur- 
poses the patient was blind. She had to be fed and 
taken care of like a blind person. She flinched away 
from a strong light directly in front of her eyes but 
was unable to localize the light. The right pupil mea- 
sured 4 mm. and the left 3 mm.; both reacted promptly 
but minimally to light. The bulbi seemed tender, and 
the patient resented examination of the eyes. The 
ophthalmologist. Dr. E. Blake, saw many large, stringy 
opacities in the -vitreous body of each eye. The retind 
vessels were sclerotic, and there were retinal hemor- 
rhages in the right eye. The left fundus could not be 
seen clearly. The other cranial nerves and the motor sys- 
tem were intact. The patient felt pinprick all over her 
body; evaluation of her sense of touch, vibration and 
position was impossible. All the deep reflexes were 
present and physiologically active except for the absence 
of ankle jerks. The Babinski sign was present on the 
left side. Urinary incontinence was noted occasionally. 

Laboratory Examinations. — The blood count showed 
3.400,000 red cells, 12.5 Gm. of hemoglobin per hundred 

17. Newburger, R. A., and Peters, J. P. : Intracapil- 

lary Glomerulosclerosis : A S 3 'ndrome of Diabetes, 
Hypertension and Albuminuria, Arch. Int. Med 64-' 
1252-1264 (Dec.) 1939. ' 

18. Kimmelstiel, H., and Wilson, C. : Intracapillary 
Lesions in the Glomeruli of the Kidney, Am T Path 
12:83-98,1936. 
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cubic centimeters, 9,500 white cells and a normal differ- 
ential count. The Kahn reaction of the blood was 
negative. The urine gave 4 plus reactions for albumin 
and sugar (on admission). The cerebrospinal fluid 
was under an initial pressure of 200 mm. of water. 
The total protein content was 51 mg. per hundred cubic 
centimeters; there were no cells; the colloidal gold 
curve was 0000000000. 

The patient was quiet and cooperated to the best of 
her ability. She was talkative and answered all ques- 
tions, though she did not understand the more complex 
questions. There was no aphasia. She was completely 
disoriented and thought she was in a religious school. 
She stated that it was December, though the weather 
was warm, and said that the year was 1918, 1940 or 
1945. Her retention and memory for recent events were 
highly defective. She had hardly any information about 
the war except that she knew that the country is at 
war. She was unable to give her address but could 
give her name and her husband’s name. Her knowledge 
of the remote past was better. Speech was incoherent 
and irrelevant and at times almost rambling, with a 
marked flight of ideas. She seemed rather euphoric 
and had no idea that she was either mentally or physi- 
cally ill. Although she was almost amaurotic, she acted 
and spoke as though she could 'see well. She described 
the room, the places of doors and windows and the 
number, names and appearance of persons, but her state- 
ments were false. She was unable to state whether a 
light in front of her eyes was on. At all times she 
localized such a light inaccurately. In her confabula- 
tions she made detailed but false stateinents about the 
occurrences in the room. When asked whether she was 
blind or did not see well, she made vigorous denials. 
When told she was blind, she did not acknowledge it. 
On July 12, 1944 the patient had a cerebral accident 
without loss of consciousness; left hemiparesis, involv- 
ing the face and the extremities, was noted. She was 
unabH to move the extremities spontaneously ; muscular 
tone was decreased. The patient reacted to pinprick by 
withdrawal of the left leg and slight movements of the 
left arm. No other sensory examination could be carried 
out. The deep reflexes were slightly more active on 
the right side than on the left. There were dorsiflexion 
and withdrawal to plantar stimulation on the left side 
and' plantar flexion on the right. The patient was un- 
aware of her left hemiparesis and even denied its presence 
when it was pointed out to her. However, she was 
aware of the existence of her left extremities. Sub- 
sequent examinations' showed no changes up to the time 
of her discharge, on Aug. 4, 1944. 

Case 6. — P. K., a white man agqd 45, was admitted 
to the New Haven Hospital for the first time on 
March 25, 1942. One week before admission he com- 
plained of severe frontal headaches and dizziness and 
became slightly ' confused. He reported seeing yellow 
lights on his left side. The past personal history was 
not contributory. The patient was of Irish-American 
stock, born and raised in Connecticut; he graduated 
from high school. For thirteen years he had been a 
widower. He was a successful manager of a small 
mattress factory. He had always been a stable, pleasant, 
outgoing person and had shown no peculiarities or mal- 
adjustment in his behavior. There was no indication of 
any psychopathic trends. 

The physical examination gave normal results except 
for the neuropsychiatric changes to be described. The 
patient was pleasant, cooperative, conscious and oriented. 
There was no evidence of intellectual deterioration. 
Motor speech and comprehension were normal except 
for occasional difficulties in naming objects. There 
■were noticeable dyslexia and dysgraphia. Right ho- 


monymous hemianopsia was present. The fundi showed 
bilateral papilledema, of 3 D. The pupils were normal. 
The other cranial nerves and the motor and sensory 
systems were intact. The reflexes were physiologic. 
A roentgenogram of the head showed an “asymmetric 
skull, convolutional atrophy and displacement of the 
pineal gland to the right.” An electroencephalogram 
revealed “a focus of slow waves in the left temporal 
lobe.” The diagnostic impression was that of a cerebral 
neoplasm in the left parieto-occipital region. On April 1, 
1942, ventriculographic examination and subequent crani- 
otomy were carried out (Dr. W. Klemperer). A soft, 
fleshy, reddish tumor was found in the subcortical portion 
of the inferior parietal and posterior temporal . region 
on the left side, extending toward the occipital lobe. 
A specimen, measuring 6 by 4 by 5 cm., was removed. 
The histologic diagnosis (Dr. H. Zimmermann) was 
glioblastoma multiforme. 

The patient recovered rapidly; lost his aphasia, dys- 
graphia, dyslexia and hemianopsia, and was asymp- 
tomatic from May to November 1942. In November 
1942 he reported two incidents of glassy vision. On 
Dec. 7, 1942 he had one attack of complete disorientation 
while driving a car. In January 1943 he experienced 
three aftacks of complete blindness, each lasting several 
hours. At tliat time his symptoms of amnestic aphasia 
reappeared. His memory was impaired. He was unable 
to write and could barely detect movements of a hand 
in front of his eyes. The disks showed bilateral choking, 
of 3 D. On Feb. 11, 1943 a ventriculographic examina- 
tion and craniotomy on the right side were carried out 
(Dr. William T. German). It was observed that the 
tumor had spread through the posterior part of the 
corpus callosum ; a 2.5 cm. specimen of solid tumor was 
removed by suction from the right occipitoparietal 
region. The postoperative course was uneventful but 
the neurologic signs remained unchanged. ' At that time 
it was noted that he pretended to see, though he was 
obviously blind. 

On March 19, 1943 the patient was transferred to the 
psychiatric clinic. He was moderately restless but co- 
operative, although he finally had to be helped in eating 
and with care of his body. He knew he was in the New 
Haven Hospital, but he was unable to remember the 
operation unless he was reminded of it. Memory for 
the remote past was fair. He showed proho'unced 
amnestic aphasia and agraphia. He was paranoid toward 
his family and persistently demanded to be discharged. 
On all clinical examinations he was completely unable 
to distinguish strong lights from darkness. The only 
examination which revealed a trace of vision was the 
psychogalvanic skin test, carried out by Prof. Donald 
Marquis. Both disks showed signs of secondarj’- atrophy. 
The pupils were about 6 mm. in diameter and were 
equal, round and regular; they reacted promptly and 
extensively to light and in convergence. The cranial 
nerves were intact. Muscular strength and tone of the 
extremities were physiologic. There were bilateral 
action tremor and past pointing in the finger to nose 
test and slight ataxia in the heel to shin test. Position 
sense and vibration sense of the trunk and the extremi- 
ties were definitely impaired. Touch, temperature and 
pain senses, topognosis and two point discrimination 
were normal, as was body perception. There was no 
finger agnosia. Recognition of materials was good, but 
recognition of forms was impaired beyond that due to 
his amnestic difficulty. All deep tendon reflexes were 
normal. The abdominal and cremasteric reflekes were 
absent; the plantar reflexes were of flexor type. 

His ability to cooperate in formal testing procedures 
(Dr- Margaret Keller) was extremely limited, owing 
to his distractability, confusion and aphasia. He showed 
difficulty .in comprehension, which was greater at some 
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times than at others. In tlie Binet vocabulary test, 
which under such circumstances was not very valid, the 
patient succeeded in defining the average number of 
words for adults. This was, however, not achieved 
under standard conditions. Words were repeated for 
him when necessary, and he was given several trials 
unless his response indicated that he did not know the 
word to be defined. On the verbal half of the Wechsler- 
Bellevue test his performance was extremely inferior. 
He could answer a few of the questions relating to 
general information and comprehension but succeeded 
with only one problem in arithmetic and failed com- 
pletely in the similarity test, being unable to grasp what 
was required of him. He showed a notable deficiency 
in all tests involving memory, repeating only three 
digits forward and two in reverse with many repetitions 
and instructions. He could remember only one item 
from a paragraph immediately after it had been read to 
him. He frequently forgot the question asked before 
he was able to complete his answer. It was noticed 
that his memory improved when distractions were re- 
duced to a minimum during the period of delay preceding 
recall. The patient showed perseverative tendencies at 
times. He seemed to become fixed on a certain type of 
response and to be unable to change unless distracted 
by some irrelevant stimulus. The total impression re- 
ceived was that of extreme intellectual deterioration. 

At all times when he was asked, the patient said 
that he was able to see. He moved about in his room 
as though he could see and constantly bumped into 
objects. When this was pointed out to him, he used 
excuses such as : “It is a little dark” ; ‘‘This is not a 
bright day,” and “I’m tired.” When asked directly 
whether he was blind, he vigorously denied it, though 
at times he would say “I don’t see as well as I did 
before, but I can see all right. I need new glasses.” 
He made constant false guesses about the location of 
windows and doors and the appearance of persons in 
his environment. His memory for forms and colors 
was correct. The syndrome of denial of blindness re- 
mained constant as long as a psychologic examination 
was possible, which was approximately until the first 
week of June 1942. 

The patient became steadily worse ; both cranial flaps 
showed considerable ballottement, which gave his head 
a grotesque appearance. In May and June 1942 he had 
episodes of severe excitement, often yelling at the top 
of his voice, “Murder! Murder!” He became incon- 
tinent and progressively more stuporous. At that stage 
a slight hemiparesis, with increased deep tendon reflexes, 
was noted on the right side. During the last thirty 
days of his life his temperature was elevated, the pulse 
rapid and small and respiration stertorous. He died in 
deep coma on July 13, 1943. 

P athoanatomic Study (Dr. Harry Zimmermann). — 
“The brain was tremendously distorted, with the bi- 
parietal diameter much increased as a result of a tumor 
in the left parietal lobe and a cerebral hernia in the 
right parietal region. The left parietal bone flap was 
adherent to the underlying cortex. The cerebral con- 
volutions of the remainder of the brain were greatly 
flattened. Gyral herniations into the dura were present 
over both temporal lobes. The left uncus and the 
adjacent occipital lobe showed evidence of molding by 
herniation through the tentorial incisure. There is 
practically no cerebellar pressure cone. Frontal section 
through the brain at the level of the anterior commissure 
disclosed a huge, fungating tumor mass in the greatly 
dilated inferior horn of the left lateral ventricle. This 
mass infiltrated most of the structures of the basal 
ganglia on the left side. The midline of the brain had 
been shifted to the right. Most of the left parietal. 


temporal and occipital lobes were replaced by tumor 
tissue. The tail of the splenium of the corpus callosum 
was involved by the neoplasm, which extended into the 
right occipital lobe. In this lobe a large operative 
cavity was present, the walls of which contained tumor 
tissue. 

“There were a few small, flat, calcified plaques in the 
meninges of the lower thoracic portion of the cord and 
near the conus. There was no sign of involvement by 
the tumor of either the spinal meninges or the cord 
itself.” 

All the other findings were normal except for aspira- 
tion pneumonia. 

Anatomic Diagnosis. — The diagnosis was glioblastoma 
multiforme, involving both the parieto-occipital region 
and the basal ganglia (left) ; healed scars of decom- 
pressions (right and left sides) ; herniation of the brain 
(right), and aspiration pneumonia. 

COMMENT 

We were able to observe 6 cases of denial of 
blindness over a period of eighteen months in a 
600 bed hospital. This fact alone demonstrates 
that the syndrome is not rare, but it is easily 
overlooked unless the examiner is aware of its 
existence. One is inclined to believe the state- 
ment of the patient who says he can see without 
an attempt at verification. Furthermore, most 
examiners are reluctant to make any attempt to 
stress forcibly to the patient such a severe defect 
as blindness. All patients who present such a 
syndrome are deteriorated and have disturbances 
of retention and orientation, hallucinations and 
delusions, and neuropsychiatrists may look at 
their denial of blindness as one of many psychotic 
manifestations. Moreover, in most cases it is of 
little practical significance whether these blind 
patients affirm or deny their blindness, and the 
syndrome is therefore predominantly of theoretic 
interest. 

The symptoms of the syndrome are fairly uni- 
form, in contrast to the anosognosia of a hemi- 
plegia, which may vary from mere imperception 
of the weakness to denial of the existence of the 
paralyzed extremities (Nielsen The symp- 
toms in our cases, as well as those in all cases 
described in the literature, may be discussed 
under the following headings : 

1. The patients do not perceive their blindness, 
act as though they could see, report visual ex- 
periences and deny their blindness when con- 
fronted with it. 2. All patients show at least a 
moderate amount of intellectual deterioration. 
3. The patients have disturbances of orientation, 
defects of memory and retention and a tendency 
to confabulation. 4. All of our patients had an 
amnestic aphasia. 5. The most frequent cause 
for the blindness of such patients is bilateral 

19. Nielsen, J. M. ; Disturbances of the Body: Scheme, 
Bull. Los Angeles Neurol. Soc. 3:127-136, 1938. 
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hemianopsia due to occipital or temporoparietal 
lesions. 

One of the most striking features in the be- 
havior of our patients was their inability to learn 
from their experieiices. As they were not aware 
of their blindness when they walked about, they 
bumped into the furniture and walls but did not 
change their behavior. When confronted with 
their blindness in a rather pointed fashion, they 
would either deny any visual difficulty or -remark: 
“It is so dark in the room ; why don’t they turn 
the light on ?” ; “I forgot my glasses,” or. “My 
vision is not too good, but I can see all right.” 
The patients would not accept an)^ demonstra- 
tion or assurance which would prove their blind- 
ness. The behavior of these persons reminds one 
of psychotic patients with a fixed delusional sys- 
tem which cannot be refuted. As they refuse to 
accept rather simple and convincing proofs of 
their blindness, one is at first inclined to regard 
their behavior as a mixture of malingering and 
hysterical reactions as they occur in the Ganser 
state. However, in their premorbid personality 
no trace of such tendencies can be found. Of 
course, one may satisfy oneself with the rather 
general explanation that their organic cerebral 
disease is responsible for a regression to more 
primitive hysterical patterns of behavior, in 
which the denial of their most important defect 
is of paramount importance. 

All our patients showed considerable intellec- 
tual deterioration. This was obvious in clinical 
examination, in standard intelligence tests and 
in special examinations designed by Goldstein 
to test abstract and concrete behavior. The de- 
terioration alone, however, does not adequately 
explain the denial of blindness. It would be diffi- 
cult to understand how any degree of intellectual 
impairment would lead to imperception of the 
patients’ lack of vision. Their inability to learn 
from experience may be partly explained by their 
severe impairment of retention. Such a defect of 
retention and memory for recent events with dis- 
orientation and confabulations occurred in all 
our patients. E. Redlich and Bonvicini noticed 
it in their own observations but did not stress it 
as a universal feature from a descriptive point 
of view. Anton’s syndrome may be said to con- 
sist of a Korsakoff psychosis in a blind person. 
The existence of visual hallucinations alone in a 
blind person does not necessarily constitute 
Anton’s syndrome. Such hallucinations in the 
blind without denial of blindness are not uncom- 

20. Goldstein, K. : A Case of Aphasia with Special 
Keference to the Problems of.. Repetition and Word 
binding, J. Neurol. & Psychiat. 1:333-341, 1938. 


mon in persons with dementia paralytica. In all 
our patients an amnestic aphasia was present. 

Anton’s syndrome is not a constant and un- 
changing phenomenon. This was noted particu- 
larly by E. Redlich and Bonvicini and reflects 
our own experience. Patients like P. K. and A. J. 
(cases 6 and 3), who suffered from progressive 
cerebral lesions, showed the syndrome constantly, 
while others exhibited a good deal of fluctuation 
in their perception of blindness, as did J. C. 
(case 4). In J. C. the syndrome was observed 
only for a few days. 

The fluctuations speak somehow against the 
possibility of strict localization of any lesion 
which may be responsible for the syndrome. Such 
fluctuations can be denponstrated in most cortical 
syndromes, and they speak in favor of holistic 
interpretations of disturbances of higher cerebral 
functions, as classified by Goldstein.*^ The ques- 
tion of localization has been discussed by some 
authors. Anton did not assume any strict 
localization but expressed the opinion that imper- 
ception of blindness is due to rather generalized 
lesions in the brain, such as destruction of a 
major portion of the long association fibers. Thus, 
impairment of one sensory sphere will not be 
conveyed to other parts of the brain and imper- 
ception of the defect will result. Redlich and 
Bonvicini were even more general in their 
statements and assumed that any diffuse cerebral 
impairment in a blind person may lead to the 
syndrome, though the majority of patients show 
lesions of the occipital lobe. Poetzl assumed 
that the syndrome is due to strictly localized 
interruptions betw'een thalamic and cortical cen- 
ters. He claimed such localization in his cases 
of anosognosia and autotopagnosia, particularly 
hemiplegia on the left. In case studies Wortis and 
Dattner,-== Gerstmann,-® Nielsen and Olsen and 
Ruby assumed a similar point of view. Experi- 
mental work by Dusser de Barenne and McCul- 
loch and theoretic considerations by Cobb 
point to the existence of reverberating circuits 

21. Goldstein, K. : The Organism, New York, Ameri- 
can Book Company, 1939. 
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ease and of Impaired Body Territories with Organic 
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26. Cobb, S. : Borderlands of Psychiatrj% Cambridge, 
Mass., Harvard University Press, 1943. 



REDLICH-DORSEY— BLINDNESS AND CEREBRAL DISEASE 


417 


and interaction between thalamus and sensory 
cortex which will bring about conscious represen- 
tation and integration of the sensual spheres. This 
interaction between thalamus and sensory cortex 
seems responsible for conscious representation of 
the body (the body image as Schilder called it) 
and ■ for conscious experience of the sensual 
spheres. As Cobb put it, these reverberating cir- 
cuits between thalamus and sensor}’’ cortex are 
responsible for a state of neural vigilance, aware- 
ness of self and environment. One may say that 
they are responsible for conscious "experiencing.” 
Kahn’s thesis that "experiencing” is charac- 
teristic of the integrated human organism but is 
absent in animals, infants and deteriorated and 
disintegrated patients might find its neurologic 
substrate by a further study of the normal and 
impaired function of these reverberating circuits. 
Bilateral lesions between the visual thalamus and 
the visual cortex or lesions involving some of 
their connecting fibers seem to be responsible for 
an imperception of blindness. Whether such le- 
sions alone will prove to be the cause of an 
imperception of blindness cannot be stated with 
certainty because all our patients, in addition to 
those described in the literature, have shown 
generalized disease of the brain as well as any 
such focal lesion. 

The causes of blindness in patients who deny 
their blindness may be varied. Four patients 
showed bilateral hemianopsia ; but 1 patient 
was blind as the result of secondary optic nerve 
atrophy, and the amaurosis of another was due 
to diabetic retinopathy. The cause of the blind- 
ness seems to be irrelevant in the pathogenesis 
of Anton’s syndrome, although apparently bi- 
lateral hemianopsia is more frequent than the uni- 
lateral form. For reasons which are not under- 
stood, most persons do not notice a hemianopsia, 
with the exception of patients with migraine, who 
report an actual halving of their visual fields. 
Goldstein studied one aspect of this phenomenon 
in his treatise on pseudofovea. The last word on 
this imperception of hemianopsia, particularly of 
vision obscure and vision nulle of the old French 
authors, has not been said. One may assume that 
some patients with bilateral hemianopsia do not 
perceive their blindness because they do not 
notice the loss of any part of their vision ; i. e., 
they do not notice their hemianopsia. 

At times normal blind persons have a need to 
disguise their blindness and to act as though they 
could see. Remain Rolland described such a case 

27. Schilder, P. : The Image and Appearance of the 
Human Body, London, Kegan Paul, Trench, Trubner 
& Co., Ltd., 1935. 

28. Kahn, E. : Personal communication to the authors. 


in the blind girl in “Jean Christophe.” It may 
be assumed that this tendency will occasionally 
play a role in cases in which a pathologic condi- 
tion of the brain exists. Denial of blindness as a 
pure hysterical symptom has not been observed ; 
disturbances of the body scheme in hysterical 
states, schizophrenia and symptomatic psychoses 
are well known and were described by Schilder,^" 
Bychowski and others. The syndrome is in 
some ways the opposite of so-called apperceptive 
blindness, in which condition the patient is able to 
see but behaves as though he were blind because 
he is unable to apperceive "visual impressions of 
a chaotic outer world” (Patterson and Stengel ^°). 
Furthermore, the degree of insight which patients 
with visual agnosias have may vary considerably 
during the course of the illness (Adler In 1 
patient (J. C.), with a temporary state of de- 
terioration, we thought that psychologic reinte- 
gration was accompanied with perception of his 
blindness. Imperception of blindness undoubted- 
ly is related to the disturbances of the body 
scheme described as anosognosia and autotopag- 
nosia, and to the imperception of sensory aphasia. 
Such disturbances may be predominantly due to 
focal lesions; however, we have not reachced a 
complete explanation from neurologic studies. 
In most cases a combined neurologic and psy- 
chiatric approach throws some light on such 
syndromes. 

SUMMARY 

The blindness of 6 patients presenting the syn- 
drome of denial of their own blindness was caused 
by diabetic retinopathy, in 1 patient; by atrophy 
of the optic nerve, in another, and by bilateral 
hemianopsia due to tumor or to vascular lesions, 
in 4 patients. Moreover, all patients had diffuse 
cerebral lesions. All showed intellectual deterio- 
ration : disorientation, severe impairment of 
recent memory and retention, and confabulation. 
The existence of bilateral focal lesions of the 
visual radiations or of the occipital visual areas 
leading to bilateral hemianopsia seems to play an 
important role in the pathogenesis of the syn- 
drome. The interruptions of reverberating cir- 
cuits between the thalamus and the sensory cortex 
constitute the outstanding etiologic factor, 

Yale University School of Medicine. 
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SYNKINETIC PUPILLARY PHENOMENA AND THE 
ARGYLL ROBERTSON PUPIL 


LIEUTENANT COMMANDER M. 

From time to time the Argyll Robertson pupil 
has been attributed to a lesion outside the central 
nervous system, as in the oculomotor nerve, the 
ciliary ganglion or the ciliary nerves. The most 
recent proponents of this theory are Nathan and 
Turner.^ On the basis of 2 cases of their own 
and of 8 cases collected from the literature, 
they concluded that the Argyll Robertson pupil 
may be caused by damage to the peripheral 
efferent pathway to the iris. They also argued 
that there must be two efferent routes for pupil- 
lary constriction. “Parasympathetic pupillo- 
constrictor fibers relay not only in the . . . 

cells of the ciliary ganglion but also in the more 
peripherally situated episcleral ganglia.” All 
their evidence, however, was casuistic, and their 
observations were not complete. 

Although they constantly dealt with the prob- 
lem, they neglected to mention the common 
diagnostic signs of the Argyll Robertson pupil, 
which are miosis, -pupillary inactivity to light 
but constriction on convergence, and poor dilator 
response to locally instilled mydriatics. None 
of their cases had all these essential features. 
The criteria that Nathan and Turner set for 
themselves were as follows: 

(a) The pupil on the normal side must contract when 
the affected side is stimulated; (b) the affected pupil 
must not contract to light or dilate in darkness either 
directly or consensually ; (c) both pupils must contract 
normally on accommodation and convergence . . . and 
(d) the lesion should be known to be peripheral. 

In offering explanations for these abnormal 
pupillary reactions, they indirectly considered 
the possibility that nerve regeneration might 
produce synkinesias, which, in turn, would lead 
to pupillary constriction on convergence but not 
in reaction to light. They declared that the 
voluntary acts of accommodation and conver- 

This article has been released for publication by the 
Division of Publications of the Bureau of Medicine and 
Surgery of the United States Navy. The opinions and 
views’ set forth in this article are those of the writer 
and are not to be construed as reflecting- the policies 
of the Navy Department. 

1. Nathan, P. W., and Turner, J. W. A. : Efferent 
Pathway for Pupillary Contraction, Brain 65:343-351 
(Dec.) 1942. 
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gence may evoke a contraction of the pupil 
which is much stronger than the response to 
light reflex and that this difference should be 
most apparent in patients with lesions of tlie 
oculomotor nerve. Then they argued that if 
the so-called Argyll Robertson pupil following 
trauma to the oculomotor nerve were due to 
nerve regeneration, patients recovering from 
peripheral oculomotor palsy should reveal signs 
of an Argyll Robertson pupil, but they stated 
that this does not occur. The latter statement 
is not entirel}'^ correct. Pupillary constriction 
in association with ocular movements following 
recovery from oculomotor ophthalmoplegia does 
occur, and cases have been described.- A care- 
ful search for pupillary synkinesias will reveal 
them to be present in many cases of oculomotor 
paralysis. It is apparent that these authors 
did not seriously consider the possibility that 
such pupillary synkinesias could account for the 
so-called Argyll Robertson pupil. If they had, 
they would have stressed the fact that various 
movements of the eyes did or did not produce 
a change in the diameter of the affected pupil. 
Since such observations were not mentioned 
in their report, it is doubted whether Nathan 
and Turner were dealing with the classic syn- 
drome of the Argyll Robertson pupil. 

Personal observations have disclosed that the 
constriction in the so-called Argyll Robertson 
pupil following peripheral lesions of the oculo- 
motor nerve is present not only on convergence 
but on downward, upward and inward move- 
ments of the ipsilateral globe. The following 
clinical and experimental data are reported to 
show that pupillary constriction on convergence 
may be one of several synkinesias following 
lesions of the oculomotor nerve. 

CLINICAL DATA 

Case 1. — L. F. L., a 20 year old radio man, second 
class, accidentally fell from flight to hangar deck. He 
sustained fractures of the skull and the right femur and 
was unconscious for several hours. He was given 
emergency treatment; when he regained conscious- 

2. Bender, M. B., and Alpert, S. : Abnormal Ocular 
and Pupillary Movements Following Oculomotor 
Paralysis, Arch. Ophth. 18:411-414 (Sept.) 1937. 
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ness, complete paralysis of the right oculomotor nerve 
was noted. The pupil was dilated and fixed to all 
forms of stimuli. The eyeball was deviated externall 3 ^ 
All external ocular muscles but the superior oblique and 
tlie lateral rectus were paralyzed. A roentgenogram of 
the skull revealed a stellate fracture involving the right 
frontal bone and the sphenoid sinus. 

Ten weeks after the injury, examination revealed 
bilateral anosmia and, in the right eye, impaired visual 
acuity, optic nerve atrophy, narrowing of the palpebral 
fissure, due to enophthalmos, and a greatly diminished 
corneal reflex. The ptosis disappeared, and all the ocular 
movements returned and appeared to be normal in the 
formerly affected eye. The left pupil reacted well directly 
and consensually to light and contracted on convergence. 
The right pupil measured 5 mm. in diameter and did not 
react directly or consensually to light stimuli. It did not 
dilate in the dark. This pupil contracted to a diameter 
of 2 mm. when the eyeball was directed downward or 
toward the nose. The contraction was also present on 
inward and, to a lesser extent, on upward gaze. The 
best pupillary constriction in the right eye was found to 
occur on downward movement of the globe. Strong 
closure of the lids of this eye also produced contraction 
of the right pupil. The right pupil dilated with atropine. 

Three months after the injury there was subjective 
improvement. Reexamination disclosed the same findings 
as on previous occasions except for apparent improve- 
ment in his visual acuity, especially at a near point. 
However, the patient was able to see print clearly at a 
near point only when his affected eye was deviated in 
the inward, downward, upward or convergent position. 
Outward deviation of this eye was without effect on 
vision. In summary, any contraction of the formerly 
ophthalmoplegic muscles produced associated improve- 
ment in vision at a near point. From this it may be 
concluded that the apparent improvement in visual acuity 
was the result of synkinetic contraction of the formerly 
paralyzed ciliary muscle. 

This case is practically identical with the 
cases described by Nathan and Turner and meets 
all their criteria. It is an example of oculomotor 
ophthalmoplegia with rapid but incomplete re- 
covery, with iridoparesis and associated syn- 
kinetic phenomena as residua. On contraction 
of any of the formerly paralytic extraocular mus- 
cles, especially the inferior rectus, the sphincter 
pupillae contracted simultaneously. If this pupil 
were examined only for the conventional reac- 
tions to light and on converge'nce, the clinical 
picture would simulate the Argyll Robertson 
pupil. 

Another interesting finding in this case was 
the synkinetic contraction of the ciliary muscle 
in association with action of any of the formerly 
ophthalmoplegic muscles. 

Case 2. — J. T. A., a 23 year old electrician’s mate, first 
class, was injured in a motorcycle accident. He was 
admitted to the hospital in an unconscious state and was 
treated conservatively. Two days after admission he 
was still comatose. Lumbar puncture at this time dis- 
closed cloudy fluid, which contained 2,600 white blood 
cells, with 90 per cent polj'morphonuclear leukocytes. 
He had all the clinical signs of complicating pyogenic 
meningitis. With penicillin .and sulfadiazine therapy he 
improved, so that two days after treatment with the 


chemical he regained consciousness. At this time it was 
noted he was unable to raise eitlier eyelid. The left eye 
was blind. There was paralysis of all movements in both 
eyes, except for abduction of the right eye. A roentgeno- 
gram of the skull disclosed a fine fracture line in the 
left frontal sinus. 

Three weeks after the injury, slight movements of 
each e 3 "eball appeared, and the ptosis lessened. This 
improvement progressed, so that eight weeks after the 
injury the ocular status was as follows : Both eyes were 
in a divergent position, and both superior lids were 
partially drooped. In the left eye there was no light 
perception and the optic nerve appeared atrophied. 
Vision in the right eye was 10/10. Except for bilateral 
paresis of the internal rectus muscle and convergence 
palsy, all ocular movements were normal. The left 
pupil measured 4 mm. and the right pupil 3.5 mm. 
These measurements were made in sunlight and were 
found to be the same in semidarkness. Neither pupil 
reacted to strong light, directly or consensually. There 
was no dilatation in darkness. Both pupils contracted 
almost to a pinpoint on downward movement or on 
attempted convergence and to a lesser extent on upward 
movement. Each pupil contracted with attempted 
movement of the tested eye. There was no visible 
retraction of the superior lids on downward gaze. 
Both pupils dilated maximally with atropine. 

This case is another example of recovery from 
oculomotor ophthalmoplegia with residual paraly- 
sis to stimulation with light and synkinetic con- 
striction of the pupils. Were it not for the 
pupillary contractions in association with ocular 
movements other than convergence, the clinical 
picture would strongly simulate the syndrome 
described by Argyll Robertson. It is interesting 
and significant that in this case and in the pre- 
ceding case practically all of the formerly para- 
tyzed external ocular muscles recovered. Only 
the sphincter pupillae remained paretic, being 
inactive to light but contracting in association 
with movements of the eyes. 

Recovery from oculomotor ophthalmoplegia 
does not always occur in this manner. In some 
instances the postophthalmoplegic synkinesias 
are manifest not only in the pupil but in the 
formerly ptosed superior eyelid, so that the 
eyelid retracts in association with attempted 
do3vnward movement of the globe. 

Case 3. — A 42 year old woman ^ was admitted to the 
hospital clinic with signs of paralysis of the third, 
fourth and fifth cranial nerves on the left side. The 
causative factor was syphilis. With antisyphilitic 
therapy she showed progressive improvement. Fourteen 
weeks after the onset of the palsies there were partial 
recovery of adduction movements of the left eye. The 
left pupil, which was at first fully dilated, became small. 
This pupil did not react directly or consensually to 
light but contracted on attempted convergence. How- 
ever, the pupil was also observed to contract in assoda- 
tion with attempted downward, inward and upward 
movement of the left globe. Another S 3 ’nkinetic phe- 
nomenon was found in conjunction with the movements 

3. This patient was observed at the I^Iount Sinai 
Hospital, New York. 
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of this globe. Not only did the pupil contract, but the 
partially ptotic superior eyelid retracted synkinetically 
on attempted convergence, downward or inward move- 
ment of the left eye. 

In this case of syphilis, had it not been for 
the synkinetic phenomena, the left pupil would 
have been readily classified as the Argyll Robert- 
son type. In this case the synkinetic phenomena 
were apparent not only in the sphincter pupillae 
muscle but in the superior eyelid. The retrac- 
tion of the eyelid in association with ocular move- 
ments has been called the pseudo-Graefe phe- 
nomenon."* 

EXPERIMENTAL DATA 

The so-called pseudo-Graefe phenomenon, or 
retraction of the superior lid in association with 
downward movement of the eye, is a synkinesia 
which is invariably found on recovery from 
ophthalmoplegia due to section of the intra- 
cranial portion of the oculomotor nerve in the 
monkey and the chimpanzee.® In some of these 
monkeys the pupil which is fixed to light con- 
tracts on convergence, adduction or downward 
or upward movement of the affected eye ten 
weeks after the ophthalmoplegia is experimen- 
tally produced. The following is a condensed 
protocol of observations made on a monkey.® 

Experiment 1 . — ^The subject of the experiment was a 
young male Macaca mulatta, weighing 2,800 Gm. The 
ocular reactions were normal. 

Operation (Oct. 20, 1936). — A large bone flap, extend- 
ing beyond the midline, was turned down on the left 
side, and, by gentle elevation of the temporal lobe, the 
optic and oculomotor nerves, the pituitary stalk and the 
cavernous sinus were brought into view. The oculo- 
motor nerve was then cut with long-handled scissors, 
and the two ends were drawn apart 2 to 3 mm. 

Postoperative Notes . — At the end of the operation the 
left pupil was dilated, and when the monkey began to 
recover from the anesthesia, the total oculomotor 
ophthalmoplegia of the left eye became apparent. The 
next day tlie left eyelid exhibited complete ptosis, 
with external deviation of tlie globe. The only move- 
ment remaining was outward deviation (external rectus 
muscle). The left pupil was dilated and “fixed” to all 
forms of stimulation with light. 

Sixth Day : The ptosis began to diminish. 
Twenty-Second Day : The ptosis was less apparent. 
The margin of the left upper eyelid was at the upper 
pole of the maximally dilated pupil. 

4. Bender, M. B. : The Nerve Supply to the Orbicu- 
laris Muscle and the Physiology of Movements of the 
Upper Eyelid (with Particular Reference to the 
Pseudo-Graefe Phenomenon), Arch. Ophth. 15:21-30 
(Jan.) 1936. 

5. Bender, M. B., and Fulton, J. F. ; Factors in 
Functional Recovery Following Section of the Oculo- 
motor Nerve in Monkeys, J. Neurol. & Psychiat. 2: 
285-292 (Oct.) 1939; Functional Recovery in Ocular 
Muscles of a Chimpanzee After Section of the Oculo- 
motor Nerve, J. Neurophysiol. 1:144-151 (March) 
1938. 

6. These experiments were performed in the labora- 
tory of physiology, Yale University, New Haven, Conn. 


Twenty-Eighth Day : When the monkey looked 
down with its right eye, its right eyelid descended 
synchronously; there was no downward movement of 
the left eyeball and none of the eyelid (earliest mani- 
festation of the pseudo-Graefe sign). Downward move- 
ment of both superior eyelids was noted during spon- 
taneous blinking and in response to visual or corneal 
stimulation. 

Thirtieth Day: When the monkey looked down with 
its right eye, the left upper eyelid retracted. This 
was the first sign of recovery of muscular movement 
(a synkinetic response). 

Thirty-Second Day: Slight action of the internal 
rectus muscle was noted in the left eye, the globe being 
adducted slightly beyond the midline in conjugate gaze 
to the right. 

Thirty-Fourth Day: Ptosis had completely dis- 
appeared. 

Thirty-Sixth Day: A slight decrease in pupillary 
diameter was observed. 

Fort 3 ’’-First Daj' : Action of the internal rectus muscle 
had completely returned, the left ej'eball moving well 
inward in horizontal excursions. The left pupil was 
still dilated to a diameter of 6 mm. and was inactive to 
light. 

Forty-Ninth Day : When the animal looked to the 
right, both globes moved equally well in the horizontal 
plane, but the left superior eyelid retracted and the left 
globe moved slightly inward. 

Seventj'-Sixth Day: The diameter of the left pupil 
had been reduced to 3 mm. The onlj’ visible motion in 
the left eye was in the horizontal plane. The left pupil 
exhibited some decrease in diameter in association with 
fixation at a near point, but there was no response to 
light (sign of synkinetic constriction of the pupil). 

Second Operation (seventy-seventh day, Jan. 5, 1937). 
—Stimulation of the cervical portion of the left sympa- 
thetic trunk with the animal under anesthesia induced 
with sodium amytal caused dilation of the left pupil, 
slight exophthalmos and some retraction of both the 
upper and the lower eyelid. The sympathetic trunk was 
then' resected and the superior cervical ganglion crushed. 

Postoperative Notes .' — First Day : Piloparalysis on 
the left side of the face was conspicuous. The left pupil 
was 2 mm. in diameter and did not react to light. The 
pseudo-Graefe sign (synkinetic retraction of the lid) was 
still present. There was some enophthalmos, with 
secondary elevation of the edge of the lower lid, but no 
true ptosis. 

Seventh Day: When the monkey looked down with 
tlie right eye, the left upper eyelid moved up, while 
the left globe move inward. When he looked up with 
his right eye, the left eyeball moved slightly inward, 
while tlie left pupil constricted to a slight degree 
(synkinetic phenomena). Direct and consensual 
response to light was still absent in the left pupil. 

Thirteenth Daj’- : When the animal looked at a point 
near or to the right, requiring action of the left internal 
rectus muscle, the left pupil contracted from 3 to 1.5 mm. 
in diameter (synkinetic phenomenon). There was no 
reaction to light. 

Fortieth Day: When the lids closed, there were a 
slight contraction of the left pupil and more pronounced 
contraction of the right pupil (lid closure refle.x).®“ 
Bell’s phenomenon was not observed. 

Fifty-Fifth Day : The left pupil was 4 mm. in diam- 
eter. 

Fifty-Sixth Day: The left pupil was 3.5 mm. in di- 
ameter. 


6a. Bender, M. B. : Eyelid Closure Reaction ; Arch. 
Ophth. 29:435-440 (March) 1943. 



BENDER— SYNKINETIC PUPILLARY PHENOMENA 


421 


Sixtietli Day : The left pupil was 2.5 mm. in diameter. 
Sixty-First Day: The left pupil contracted from 2.5 
to 1.5 mm. in association with convergence. It still did 
not react to light. In this respect the left pupil had the 
characteristics of an Argyll Robertson pupil. 

Seventy-First Day: The diameter of the left pupil 
remained at 2.5 mm. The pupil did not dilate in the 
dark. When the monkey attempted to look down, up 
or to the right, the abnormal movements of the upper 
eyelid and the internal rectus muscle of the left eye 
were evident, and tlie apparent Argjdl Robertson 
phenomenon was also manifest. 

Third Operation (seventy-ninth day, March 26, 1937). 
— The bone flap was reelevated and the reunited left 
oculomotor nerve again severed. 

Postoperative Notes . — First Day : Ophthalmoplegia 
was complete in the left eye, as after the first operation. 

Third Day : Ptosis on the left side was incomplete ; 
the pupil was 6 mm. in diameter and was fixed to all 
forms of stimuli, and the globe could be abducted but not 
adducted. 

Tenth Day : The left palpebral fissure was 5 mm. 
wide. No change in tlie left pupil was evident. 

Twenty-Fifth Day: The ptosis was half complete. 
The left pupil measured 4.5 mm. in diameter. 

Thirty-Fifth Day : The left palpebral fissure was 
almost completely open, and the pseudo-Graefe sign 
was apparent. The left eyeball could be adducted slightly 
beyond the midline. 

Thirty-Eighth Day: There was complete recovery 
in power of elevating the left lid and in adduction of 
the globe. 

Forty-First Day : ' When tlie right eye looked down, 
the left upper eyelid moved up, and the left eyeball 
moved slightly inward. The left pupil measured 4 mm. 
in diameter. 

Sixty-Third Day: When the left eye moved nasally 
the left pupil became smaller. The pupil also contracted 
slightly when the monkey fixated at a near point. 

Eighty-Sixth Day: The left pupil was 3.5 mm. in 
diameter. It contracted slightty in association with 
closure of the lids. 

One Hundred and Twenty -Fifth Day: The left pupil 
was observed under a magnifying glass and was found 
to contract in association with fixation at a near point, 
on adduction of the globe and with closure of the lids. 
Synkinetic phenomena were also present in the left 
upper lid on downward movement of the globe. The 
ocular status at this time revealed upward movements in 
the left upper eyelid which were synchronous with 
action of the internal rectus muscle and with vertical 
(up and down) or dextral movements of the normal 
right eye. Vertical movements in the left eye were 
absent." 

Two Hundred and Seventy-Eighth Day: The left 
pupil showed a definite reaction to light. 

Four Hundred and Fortieth Day : The ocular status 
was unchanged. The left pupil failed to enlarge in low 
illumination. 


7. Recovery of vertical movements in the affected 
eye was never apparent. This, however, did not mean 
that the elevators or depressors of the globe remained 
paralyzed; on the contrary, the absence of upward or 
downward movements was due to simultaneous contrac- 
tion in the elevators and depressors of the eye, which 
resulted in absence of movement. When in the e 5 ’’e 
recovering from ophthalmoplegia the inferior rectus 
muscle had been previously cut upward movements of 
the globe became apparent; that is, as soon as one of 
the antagonists was eliminated the action of the other 
became apparent. 


These experiments show that the syndrome 
simulating the Argyll Robertson pupil may be 
reproduced in the monkey by sectioning the 
oculomotor nerve intracranially and permitting 
regeneration to take place. The signs of regen- 
eration are (1) recoveiy of adduction, (2) 
synkinetic retraction of the superior lid in 
association with attempted downward, upward 
or inward movement of the formerly ophthal- 
moplegic eye and (3) synkinetic contraction of 
the pupil. This pupil, which becomes pro- 
gressively miotic during the period of recovery, 
does not react directly or consensually to light 
but contracts conspicuously in association with 
attempted vertical and inward movements of 
the affected globe. 

That these pupillar}* reactions are not due 
to structural changes in the ciliary ganglion or 
the ciliary nerves is borne out by the fact that 
the oculomotor nerve was twice cut intracranially 
and that the apparent Arg}'!! Robertson pupil 
became manifest each time after a definite inter- 
val in the stage of recovery from the ophthal- 
moplegia. 

Experiment 2 . — Pupilloconstrictor fibers are known to 
course in the ciliary nerves. The theory that another 
pupilloconstrictor pathway may exist in other branches 
of the oculomotor nerve, such as those innervating the 
inferior rectus and inferior oblique muscles, is refuted 
by the following simple experiment. Intraorbital section 
of the branches of the oculomotor nerve other than the 
ciliary nerves produced no changes in the pupil. The 
pupil in the monkey employed reacted well to light and 
on convergence. Subsequent intracranial section of the 
ipsilateral oculomotor nerve in the same monkey pro- 
duced the pupillary effects described in experiment 1. 
In other words, there appears to be no basis for the 
claim that some of the pupilloconstrictor fibers may 
travel through the inferior branches of the oculomotor 
nerve, external to the ciliary ganglion. 

Experiment 3. — Intraorbital section of the ciliary 
ganglion or the ciliary nerves alone or in combination 
with destruction of the adjacent optic nerve in the 
monkey or cat produced complete iridoplegia with no 
constriction to light or in' convergence. However, eight 
to ten weeks after this section there were signs of ner.vc 
regeneration. The pupil began to react well both di- 
rectly and consensually to light and to contract on 
convergence.® There was no difference between the 
reaction to light and the response on convergence. There 
were no signs suggestive of the Argyll Robertson pupil. 

Experiment 4. — A partial lesion, such as section of 
the superior fibers of the oculomotor nerve trunk in its 
intracranial course, produced complete but transient 
ophthalmoplegia in the monkey. This was followed by 
rapid recovery in all functions of the external ocular 
muscles. The sphincter pupillae, however, remained 
paretic for a longer time. In 1 monkey with such an 
experimental lesion there was almost complete recovery 
from the ophthalmoplegia on the fifteenth postoperative 
day. There was no ptosis, and downward, upward and 

8. In cases in wEich the adjacent optic nerve was 
crushed, the direct reaction to light remained lost while 
tlie consensual response was restored. 
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'inward motion of the globe appeared normal. However, 
the pupil, which measured 6 mm. in diameter, was fixed 
to light. On the thirtieth postoperative day the pupil, 
smaller in diameter, began to react sluggishly to light 
both directly and consensually ; the pupillary constriction 
on convergence seemed to be brisker than that to_ light. 
In other words, regeneration or recovery from oculo- 
motor ophthalmoplegia appeared to be most retarded in 
pupillary reaction to stimulation with light. Noteworthy 
was the absence of ocular synkinesis in the monkey 
with incomplete section of the oculomotor nerve. 

COMMENT 

The clinical and experimental data herewith 
presented clearly indicate that the pupillary 
changes which appear after an oculomotor oph- 
thalmoplegia are not the typical reactions found 
with the classic Argyll Robertson pupil. Al- 
though such a pupil is fixed to light, it reacts 
not only on convergence but in association with 
internal and vertical movements of the affected 
eye. 

It may be asked why the postophthalmoplegic 
pupil reacts on convergence hut not to light. 
This may be due to the fact that light, which is 
a relatively weak stimulus, does not produce a 
reflex motor response sufficiently strong to pene- 
trate the functional block caused by the scar in 
the healing oculomotor nerve trunk.® On the 
other hand, the motor energy evoked by the 
act of convergence, or by a strong attempt at 
vertical or internal movement of the eye, is 
adequate for the impulse to pass through the 
scar to all the regenerated axon fibers. Since 
the newly formed axis-cylinders branch freely 
and grow indiscriminately into the distal stump, 
it is readily understood why an impulse intended 
for one group of muscles may be shunted at the 
scar via the regenerated nerve fibrils to other 
muscle masses.^® Thus, an impulse to the in- 
ternal, the inferior or the superior rectus mus- 
cle may cause widespread contractions so that 
all /the muscles supplied by the formerly injured 

9. In the experimental monkey, the threshold of an 
electrical stimulus necessary to evoke a contraction of 
an ocular muscle or pupillary constriction is much higher 
in that part of the regenerated oculomotor nerve which 
runs to the scar than in the part which leaves it. 
Apparently, the scar partially blocks the impulses origi- 
nating in the nucleus of the oculomotor nerve. 

10. To account for the synkinetic contractions which 
follow regeneration of the oculomotor or the facial nerve, 
consideration must be given to the functional and ana- 
tomic changes which may accompany regeneration in 
the entire motor neuron unit in question. The changes 
may occur at the ganglion cell body, at the nerve scar 
or at the motor end plate and muscle. The probability 
is that all the points mentioned are involved, but most 
of the experimental evidence at hand indicates that the 
chief cause of the synkinetic phenomena is the indis- 
criminate regeneration of axis-cjdinders at the scar. 
Bender.^ 


oculomotor nerve act simultaneously. Whether 
all muscles contract to an equal degree depends 
on the extent of the lesion, the number of nerve 
fibers regenerated, how extensively the regener- 
ated axis-cylinders branch and how much nerve 
energy is discharged into the oculomotor nerve. 

The pupillary constriction found in association 
with movements of the globe may not be of 
the same degree for each of the individual move- 
ments. Thus, it has been found that in some 
cases the pupil contracts only in association with 
downward gaze, or only with internal move- 
ments of the eye or on convergence. -In still 
other cases the pupil contracts on attempted 
upward gaze or with movements in any direc- 
tion or directions efifected by the recovered 
ocular muscles. The type and degree of pupil- 
lary constriction vary with the mode of regenera- 
tion and with other factors previously stated. 
From these clinical and experimental observa- 
tions, it is apparent that the so-called Argyll 
Robertson pupil which occurs after a lesion in 
the oculomotor nerve is due to partial regenera- 
tion of fibers to the sphincter pupillae muscle 
and synkinetic contraction of the iris in associa- 
tion with movements in the rest of the eyeball. 
Consequently, it is erroneous to classify this 
pupil as the one described by Argyll Robertson. 
If, for the sake of brevity or expressive meaning, 
an eponym is preferred, the term "pseudo Argyll 
Robertson pupil” may be employed, just as 
"pseudo-Graefe sign” is used to denote synkinetic 
retraction of the lid. 

SUMMARY 

After an oculomotor ophthalmoplegia the iris 
may be found to contract on convergence but 
not to light, thus simulating the Argyll Robert- 
son pupil. Closer examination, however, dis- 
closes that -this pupil reacts not only on con- 
vergence, but synkinetically with other move- 
ments, namely, downward, inward or upward 
movement of the affected globe. The synkinetic 
pupillary constriction may sometimes be 'asso- 
ciated with synkinetic retraction of the lid. The 
phenomena of synkinetic pupillary constriction 
and retraction of the eyelid can be reproduced 
experimentally by intracranial section of the 
oculomotor nerve in the monkey. These phe- 
nomena are partly explained by the theory of 
indiscriminate regeneration of oculomotor nerve 
fibers. It is concluded that the so-called, or 
pseudo, Arg3dl Robertson pupil, sometimes noted 
after head injury with a complicating oculo- 
motor ophthalmoplegia, has no etiologic relation- 
ship to the classic pupillary reaction originally 
described by Argyll Robertson. 
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The whole problem of peripheral pain reception 
and central pain perception and representation 
remains one of the fundamental fields of investi- 
gation in neurophysiology and clinical neurology. 
Certain aspects of the problem are of considerable 
interest to the neurosurgeon. For many patients 
suffering from persistent intractable pain of or- 
ganic origin, interruption of the central pain 
pathways offers a palliative measure. Because 
dorsal root section severs all afferent paths to the 
spinal cord, the most successful central interrup- 
tion is obtained by cutting the lateral spino- 
thalamic tract somewhere along its course. Its 
relatively superficial position renders it accessi- 
ble to anterolateral chordotomy, to an incision 
dorsolateral to the inferior olivary nucleus or to 
an incision at the lateral sulcus of the mesen- 
cephalon. The literature concerning this neuro- 
surgical field has been extensively reviewed,^ and 
only pertinent references will be included here. 

These neurosurgical procedures depend partl}^ 
for their success on an accurate anatomic knowl- 
edge of the pathways concerned. Clinical and 
-experimental evidence indicates that painful 
stimuli affect free nerve endings and that the 
resulting impulses travel centrally over non- 
myelinated and myelinated processes of unipolar 
cells in cerebrospinal ganglia. The central proc- 
esses of these cells enter the spinal tract of the 
trigeminal nerve or the dorsolateral fasciculus of 
the spinal cord. The central path in the spinal 
cord probably originates from large cells in the 
dorsal gray matter of the opposite side and, to 

From the Department of Anatomy, University of 
Southern California School of Medicine, and the Depart- 
ment of Neurosurgery, Los Angeles County General 
Hospital. 

1. (a) Grant, F. C. : Surgical Methods for the Re- 
lief of Pain, J. A. M. A. 116:5(37-571 (Feb. 15) 1941. 
(b) Rasmussen, A. T., and Peyton, W. T. ; The Loca- 
tion of the Lateral Spinothalamic Tract in the Brain 
Stem of Man, Surgery 10:699-710 (Nov.) 1941. (c) 

Schwartz, H. G., and O’Leary, J. L. : Section of the 
Spinotlialamic Tract at the Level of the Inferior Olive, 
Arch. Neurol. & Psychiat. 47:293-304 (Feb.) 1942. 
(d) Walker, A. E. : The Spinothalamic Tract in Man, 
ibid. 43:284-298 (Feb.) 1940. 


some extent, of the same side - and ascends in 
the lateral funiculus as the lateral spinothalamic 
tract, in close association with the spinotectal and 
the dorsal and ventral spinocerebellar tracts. Ap- 
proximately the same path is followed by im- 
pulses originating from thermal stimuli, although 
the initial receptors are more complex. 

There are certain anatomic and physiologic 
points concerning this pathway which need clari- 
fication. 

1. It is not certain how large the axons of the 
central pain path may be. or how much change 
occurs after the first and subsequent synapses. 
It has been stated that the lateral spinothalamic 
tract contains axons more heavily myelinated 
than the axons in the peripheral paths.® It would 
be of fundamental interest to know that there are 
actually more heavily myelinated axons centrally 
than peripherally. The presence of numbers of 
nonmyelinated axons in the lateral spinothalamic 
tract might well lead to false impressions of its 
size and location if such impressions were based 
entirely on the Marchi reaction. 

2. Although it seems fairly well established that 
the decussation of fibers in this tract occurs in 
about one segment,® further studies on this point 
would be valuable in establishing the range of 
variation, particularly in upper and lower levels 
of the cord. 

3. The degree of lamination within the tract 
remains to be more definitely determined. It is 
also thought that axons carrying impulses due to 
thermal stimuli ascend in the lateral spinothala- 
mic tract, but the extent to which these axons are 
segregated is still uncertain. 

4. Apparently not all the axons in this tract go 
directly to the thalamus.'^ Some impulses are 
said to ascend by means of a series of short 

2. Foerster, O., and Gagel. O. : Die Vorderseiten- 
slrangdurchschneidung beim Menschen, Ztschr. f. d. ges. 
Neurol, u. Psychiat. 138:1-92, 1932. 

3. Mettler, F. A.: Neuroanatomy, St. Louis, C. V. 
Mosby Company. 1942. 

4. May, W. P. : The Afferent Path, Brain 29:742- 
803, 1906. 

423 



424 


ARCHIVES OF NEUROLOGY AND PSYCHIATRY 



Fig. 1. — Unretouched photographs of cross sections of the spinal cord, the left side throughout corresponding 
to the left side of the page. 

A', a section through the sixth thoracic segment. The lesion on the left side is confined to the lateral funiculus. 
Weigert method; X 4.5. 

B, section through the fifth thoracic segment of the cord, between the two lesions. On the left side is a com- 
pact area of degenerating fibers ascending from the lower lesion. On the right side is a more scattered area of 
degenerating fibers descending from the upper incision. Degeneration resulting from the tabetic process is present 
in the posterior funiculi. Marchi method; X 4.5. 

C, section from the third thoracic segment of the cord. The degeneration on both sides is confined to the 
lateral funiculi and includes lateral spinothalamic, spinotectal and dorsal and ventral spinocerebellar fibers. Marchi 
method; X 4.5. 

D, section from the second thoracic segment of the cord, in which the increasing concentration on the surface 
and the dorsal shifting of dorsal spinocerebellar fibers are apparent. Marchi method ; X 4.5. 


(Legends continued on opposite ptgc) 
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chains, which are probably situated in the gray 
matter. Previous observations indicate that after 
chordotomy the number of degenerating axons 
decreases rostrally.^*^ 

5. The extent of bilateral representation is un- 
certain. Unilateral chordotomy fails to abolish 
pain completely, especially in viscera, so that 
when visceral pain is present bilateral chordotomy 
is usually necessary. Even then, according to 
Foerster and Gagel,- pain may return, and to ex- 
plain this they postulated the development of ac- 
cessoiy paths in the posterior funiculi. 

Any single morphologic or physiologic method 
is inadequate to settle these points completely. 
Certain questions, however, such as the exact 
topography and lamination of the lateral spino- 
thalamic tract, the amount of its ascent while 
decussating and the degree of intermingling with 
other tracts can be much more definitely settled 
if all available human material is adequately 
studied and reported. Unfortunately, for human 
material the March! stain is the best available 
morphologic technic. The well known faults of 
this technic, as well as the infrequency with which 
cases come to autopsy at the optimum time inter- 
val, set ,a limit on the usefulness of this method. 
As yet, too few cases have been reported to per- 
mit definite knowledge even of the normal range 
of variation. 

MATERIALS AND METHODS 

This report is based on a study of the spinal cord 
and brain stem of a man aged 57 who had a bilateral 
chordotomy for relief of pains in the legs and tabetic 
crises. The lesions were made in the upper thoracic 
portion of the cord, at the sixth thoracic segment on 
the left side and between the fourth and the fifth thoracic 
segment on the right side. After operation there was 
subjective relief of all pain in the legs and gastric crises. 
In addition, there was loss of pain and temperature 
sense up to the sixth thoracic dermatomal area on the 
left side and to the seventh thoracic dermatomal area 
on the right side. After operation the patient’s course 
was progressively downhill. Pyelonephritis, cortical 
abscesses of both kidneys and probable uremia devel- 
oped. All these complications apparently originated 
from chronic tabetic paresis of the bladder. The patient 
died twenty-one days after the operation, an interval 


with the time range of an optimum Marchi reaction in 
man. 

The brain and spinal cord were removed about six 
hours after death and fixed by immersion in a 10 per cent 
concentration of solution of formaldehyde U. S. P. 
Subsequently, selected levels of the spinal cord and 
brain stem were cut into slices 2 to 3 mm. thick and 
prepared by the Swank-Davenport ^ modification of the 
Marchi technic. The slices were dehydrated, embedded 
in pyroxylin of low viscosity and cut transversely at 
60 microns. In general, this method is excellent, and 
the background is usually free of troublesome artefacts. 
In this case there was some precipitation of osmic acid 
in normal areas, particularly in the heavily myelinated 
tracts of the brain stem, but the areas of true degenera- 
tion were sharply outlined and easily followed through- 
out the spinal cord and the brain stem. 

Other slices of the brain stem were dehydrated, 
embedded in either paraffin or pyrox 3 din and, after 
being sectioned, stained with iron hematoxylin, cresyl 
violet, the activated silver albumose method of Bodian 
or the Mallori'-azocarmine method. 

The smallest sections were photographed directly. 
The largest sections were projected on to drawing ma- 
terial at a magnification of six to eight and the sections 
outlined. The degeneration was indicated by stippling, 
the process being checked by microscopic examination. 
In addition, the areas which were stippled in were 
photographed directly at higher magnifications. 

RESULTS 

In this case the chordotomy on each side was 
performed by inserting the knife at the denticulate 
ligament to a depth of 4 mm. and bringing it out 
at the line of exit of the ventral root fibers. Wei- 
gert stains of sections from the operative levels ^ 
indicated that the incisions were confined to the 
lateral funiculi (fig. 1 A). Marchi stains of sec- 
tions between the two incisions contained descend- 
ing degeneration on the right side, while ascend- 
ing degenerating fibers from the lower incision 
could be clearly seen in the lateral funiculus on 
the left side (fig. IB). The descending degenera- 
tion lessened as the fibers shifted medially toward 
the gray matter in lower segments, indicating that 
the degeneration was due mainly to the interrup- 
tion of bulbospinal fibers. No major involvement 
of the pyramidal tracts was apparent on either 

5. Swank, R. L., and Davenport, H. A. : Chlorate- 
Osmic-Formalin Method for Staining Degenerating 
Myelin, Stain Technol. 19:87-90 (July) 1935. 


E, section from the fifth cervical segment. The degeneration in the lateral funiculi occupies a surface position, 
and the dorsal spinocerebellar tract (indicated by the arrow) is clearly evident. Marchi method; X 4.5. 

P, section from the second cervical segment. The degenerating fibers extend between the dorsal and the ventral 
roots on the surface. The tendency of degeneration in the posterior funiculi to ascend in the fasciculus gracilis 
is indicated bj' the arrow. Marchi method; X 4.5.* 

G, section at the level of the pyramidal decussation. The compact areas of degeneration immediately ventral 
to the spinal tract and nucleus of the trigeminal nerve, Sp. Tr. 5, on each side are sharply delineated. Marchi 
method; X 4.5. 

H, section through tlie inferior olivar}' nuclei. The dorsal spinocerebellar fibers arc entering the restiform 
bodies, R B. This section corresponds to the drawing in figure 3 A, and the positions of the lateral spinothalamic 
tracts are indicated by the arrows. Marchi method ; X 3. 
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side. In a section immediately above the incision 
on the right side (fig. 1 C) the degeneration occu- 
pied an area corresponding but roughly to the 
area interrupted by the knife, but still confined to 
the lateral funiculus. Differentiation here between 
the lateral spinothalamic and other tracts was not 
possible. In sections through higher levels of the 
spinal cord, shifting of the involved fibers toward 
the periphery was practically identical on the two 
sides, except that the degeneration resulting from 
the more rostrally placed incision on the right 
side was somewhat heavier (fig. IDtoF). In 


in a section through the decussation of the pyra- 
mids the degeneration was crowded into a rela- 
tively small area immediately ventral to the spinal 
tract and nucleus of the trigeminal nerve on each 
side (fig. 1 G). These tracts were actually more 
compact here than at any other part of their 
course through the brain stem. 

Degenerating fibers were present in the 
posterior funiculi throughout the cord (fig. 1 
BtoF), and these were a result of the tabetic 
process. The complete destruction of other fibers 
due to the chronic process is illustrated in the 



Fig. 2. — A, cross section through the first cervical segment, illustrating the degeneration in the fasciculi graciles 
(arrow). Weigert method; X 6. 

B, cross section through the fifth cervical segment of the cord, illustrating peripheral degeneration in the lateral 
funiculi, as well as degeneration in the fasciculi graciles (arrow). Weigert method; X 6. 

C, photomicrograph of the area occupied by the lateral spinothalamic tract. This section is from the second 
thoracic segment and therefore contains normal fibers. It illustrates the relatively large numbers of nonmj'elinated 
and small myelinated axons in this area. It is not possible to say, however, that these axons actually belong to 
the lateral spinothalamic tract. Bodian’s activated silver albumose method; X 400. 


addition to this clearly indicated lamination, there 
was a tendency at cervical levels to a shifting 
dorsally of what were apparently dorsal spino- 
cerebellar fibers (fig. l£andF). On entering 
the medulla the fibers became concentrated, and 


sections stained by the Weigert method shown 
in figure 2, A and B. This degeneration could 
he traced into the medulla, particularly to the 
nuclei of the fasciculi graciles, but was not appar- 
ent in the medial lemnisci. 
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Fig. 3. — Drawings illustrating the course and relative density of degenerating fibers as they ascend in the brain 
stem; X 1.5 diameters. The specific areas, in addition, are represented in the photomicrographs of jfigure 4. 

A, drawing of a section through the inferior olivary nuclei, illustrating the positions of the lateral spinotha- 

lamic tracts (arrows) dorsolateral to the inferior olives. The dorsal spinocerebellar fibers are shifting dorsally 
into the restiform bodies, and the intermediate positions are occupied mainly by ventral spinocerebellar fibers. This 
section was also photographed directly (fig. 1 H). * 

B, drawing of a section through the lower part of the pons, indicating the positions of the lateral spinothalamic, 
spinotectal and ventral spinocerebellar fibers (arrows) dorsolateral to the trapezoid bodies, T B. The restiform 
bodies, containing degenerating dorsal spinocerebellar fibers, lie still more dorsally. 4 V is the fourth ventricle 
See figure 4 A for photomicrograph of the degenerating fibers. 

C, drawing of a section through the upper part of the pons, showing the spinotectal and lateral spinothalamic 
tracts (arrows) dorsal to the medial lemnisci, ML. The ventral spinocerebellar tracts, Tr. Sp. cer. V., are shown 
entering the anterior medullary velum after shifting dorsally across the brachia conjunctiva, B C. See figure 4S 
for a photomicrograph of the degeneration. 

D, drawing of a section through the inferior colliculi, showing the incorporation of the lateral spinothalamic tract 
into the triangular area at the base of the inferior colliculus (arrow) and the entrance of spinotectal fibers into 
the inferior colliculus. For a photomicrograph of this area see figure 4 C. Decussation of brachia conjunctiva, D B C. 

E, drawing of a section through the inferior portion of the nucleus ventralis posterolateralis (V P L) of the 
thalamus, indicating the scattered degeneration on each side. This is indicated also in figure 4 D. RN indicates 
the red nucleus ; C M, the centromedian nucleus ; V P M, the nucleus ventralis posteromedialis ; M G, the medial 
geniculate body ; C P , cerebral peduncles ; 5* N , the substantia nigra. 
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In ascending through the medulla the dorsal lateral to the inferior olivary nucleus and ex- 
spinocerebellar fibers on each side shifted dor- tended medially for a distance indicated in figure 
sally across the spinal tract of the trigeminal 3 A. This conforms with the observation of these 
nerve and entered the restiform body (figs. 1 H authors that fibers from lower segments occupy 
and 3 A). This relatively heavy degeneration ’ a more lateral position in the medulla. The posi- 
continued to indicate sharply the restiform bodies tion described was maintained until the pons 
as they entered the cerebellum. was reached. In the lower part of the pons the 

Rostral to the formation of the restiform bodies degeneration was just lateral and slightly dorsal 
the degeneration was composed of ventral spino- to the trapezoid body (fig. 3 R ) , and of course was 
cerebellar, spinotectal and lateral spinothalamic much less superficially placed than in the medulla, 
fibers, with the ventral spinocerebellar fibers the Because of the increase in pontile fibers and nuclei 



Fig. 4. — Photomicrographs of the areas of degeneration indicated by stippling in figure 3, B to E. X 20 diam- 
eters. , 

(A) The area contains degenerating fibers of the lateral spinothalamic, spinotectal and ventral spinocerebellar 
tracts (see figure 3B). 

(B) At this level the lateral spinothalamic and spinotectal fibers (arrow) become incorporated into the base 
of the lateral lemniscus along the lateral sulcus. Ventral spinocerebellar fibers, Tr. Sp. cer. V., can be seen shifting 
dorsallj' across the brachium conjunctivum, B C. See figure 3 C. 

(C) Lateral spinothalamic fibers lie at the base of the inferior colliculus (arrow). Spinotectal fibers, Tr.Sp. 
icct., can be distinguished, since they are oriented transversely as they enter the inferior colliculus, / C. See fig- 
ure 3 D. 

(D) The few degenerating fibers present as the lateral spinothalamic tract enters the thalamus are partially 
indicated by arrows. See figure 3 E. 

most superficial. All the fibers occupied a medul- in the upper part of the pons, there occurred a 
identical with that described by relative shift dorsally in the position of the de- 
Schwartz and O’Leary in that they were dorso- generating fibers, and also of the lateral and 
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medial lemnisci. At the level of the anterior 
hiedullary velum the degenerating fibers were 
clearly associated with the lateral lemnisci. Also, 
at this level ventral spinocerebellar fibers turned 
dorsally across the surface of the brachium con- 
jiinctivum on each side into the anterior medul- 
lary velum (figs. 3C and AB). Rostral to 
this, only spinotectal and lateral spinothala- 
mic fibers remained. At the level of the in- 
ferior colliculi, spinotectal fibers entered the in- 
ferior colliculus (figs. 3 Z) and 4 C), while the 
lateral spinothalamic fibers passed through the 
heavily myelinated triangular area at the base of 
the colliculus. These fibers ascended in rela- 
tively the same position, medial, first to the in- 
ferior quadrigeminate brachium and then to the 
medial geniculate body (fig. 3 £) and entered 
the nucleus ventralis posterolateral is of the 
thalamus. Fewer degenerating fibers were noted 
here than at lower levels, but there was no doubt 
that they ended in this part of the thalamus. Sec- 
tions above this level revealed no degeneration. 

COMMENT 

Comparison of the results of the postoperative 
sensory examinations with the operative levels 
reveals that after the fibers of the pain pathway 
enter the cord they cross completely within at 
least two segments. The incision on the left side 
of the sixth thoracic segment, for instance, spared 
fibers derived from the seventh thoracic derma- 
tomal area but included the fibers from the eighth. 
This, however, gives no indication of the amount 
of ascent after the first synapse. 

The course of the lateral spinothalamic tract 
as traced with the Marchi technic agrees fairly 
well with that described by previous observers.^ 
The results in this case show that the lateral 
spinothalamic tract is most easily attacked sur- 
gically at its relatively superficial position in the 
thoracic portion of the cord,^" in the medulla^® 
and along the lateral sulcus of the mesencepha- 
lon.*’ They also indicate that the usual antero- 
lateral chordotomy interrupts relatively few de- 
scending fibers. Some of the degeneration noted 
below the incisions may have been retrograde, 
but most of it probably represented degenerating 
bulbospinal fibers. Anterolateral chordotomy 
also interrupts part of the dorsal spinocerebellar 
fibers and probably all of the ventral spinocere- 
bellar fibers, as well as the spinotectal and lateral 

6. (c) Walker, A. E. : Relief of Pain by Mesen- 
cephalic Tractotomy, Arch. Neurol. & Psychiat. 48: 
865-880 (Dec.) 1942. (b) Dogliotti, A. M. : First 

Surgical Sections, in Man, of the Lemniscus Lateralis 
(Pain-Temperature Path) at the Brain Stem, for the 
Treatment of Diffused Rebellious Pain, Anesth. & 
Analg. 17:143-145 (May-June) 1938. 


.Spinothalamic fibers. The relatively heavy in- 
volvement of the dorsal spinocerebellar tract in 
this case is somewhat surprising. From the 
extent of the incisions one would expect most 
of these fibers to be spared. Either the tract 
extends farther ventrally than is commonly sup- 
posed,” or postoperative edema in the neighbor- 
hood of the incisions affected many of the fibers. 

The degeneration throughout the cord was con- 
fined to the superficial portions of the lateral 
funiculi. The incisions did not extend into the 
anterior funiculi ; and since relief was obtained, 
it is most probable that the lateral spinothalamic 
fibers ascend only in the lateral funiculi. Hynd- 
man and V an Epps " suggested that some of the 
pain fibers ascend in the anterior funiculi and 
that because of this incisions must extend into 
this area, or even to the ventral median fissure. 
However, their evidence for this assumption is 
by no means conclusive. They presented Marchi 
preparations of the spinal cord only in the neigh- 
borhood of the incisions, and these showed pre- 
cipitation of osmic acid in apparently normal 
areas, which rendered detailed interpretation 
valueless. Degeneration was present in the an- 
terior funiculi, but this is to be expected, since 
with these areas cut the ventral spinothalamic 
tracts will degenerate. The weight of evidence 
is against a spread as far anterior as this. It 
must be said, however, that too few detailed 
examinations and reports are available in the 
literature to enable one to be dogmatic on this 
point. 

In the cervical portion of the cord the degener- 
ating fibers were more concentrated on the sur- 
face and were more dorsally situated, indicating 
the development of lamination by the entrance 
and crossing of fibers derived from the cervdcal 
and upper thoracic levels. From a comparison 
of this case with other cases, it, is apparent, as 
other investigators have decided, that there is 
considerable intermingling of fibers from differ- 
ent levels,® so that there is by no means a sharp 
segmental demarcation within the tract. Because 
of this it is somewhat difficult to accept the degree 
of exact topical localization which Hyndman and 
Van Epps postulated. They stated in their con- 
clusions that with a selected incision analgesia 
could be confined to the chest. In their one illus- 
trative case, however, analgesia was present over 
the abdomen, as well as the chest, and initially 
over the upper portions of the tliighs as well. 

7. Hyndman, O. R., and Van Epps, C. : Possibility 
of Differential Section of the Spinothalamic Tract 
Arch. Surg. 38:1036-1053 (June) 1939. 

8. Stookey, B. : The Management of Intractable 
Pain by Chordotomy, A. Research Nerv. & Alent Dis 
Proc. (1942 ) 23:416-433, 1943. 
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This observation was, rather, in agreement with 
the amount of lamination that actually .exists in 
the cord. 

The relative lamination present in the medulla 
is confirmed by comparison of this case and the 
case of Rasmussen and Peyton with that of 
Schwartz and O’Leary.^^ The last-mentioned 
authors reported on the total degeneration result- 
ing from an intramedullary tractotomy and by 
the depths of their incisions showed that fibers 
from tbe lower dermatomal areas were more su- 
perficially placed. The observations in the pres- 
ent case are in accord with such a conclusion. 
Also confirming the observations of Dogliotti,'"’ 
Rasmussen and Peyton.^** Schwartz and O’Lea- 
ry and Walker® is the evidence that in the 
upper portion of the pons and the lower part of 
the mesencephalon degeneration is intermingled 
with fibers of the lateral lemniscus. This and 
the course of the lateral spinothalamic tract near 
the base of the inferior colliculus have not yet 
been adequately described in the current text- 
books. There is little evidence that this tract is 
ever incorporated in the medial lemniscus. 

The relative scarcity of degenerating fibers 
near the thalamus is also confirmed and remains 
a puzzling feature. In this case, the degenerating 
fibers arose from the sacral, lumbar and lower 
thoracic levels and were therefore fewer than 
would be present after an intramedullary tract- 
otomy. Nevertheless, at their entrance into the 
thalamus the fibers were few indeed as compared 
with the numbers seen at lower levels, even when 
the accompanying tracts are considered. Several 
explanations may be offered. First, the myeli- 
rrated fibers composing the lateral spinothalamic 
tract may be fewer than is to be expected, in 
which case the bulk of the degeneration seen at 
lower levels would be due to the involvement of 
other tracts. If this is the case there is at present 
no satisfactory method of determining the non- 

9. Walker, A. E. ; Somatotopic Localization of 
Spinothalamic and Secondary Trigeminal Tracts in 
Mesencephalon, Arch. Neurol. & Psychiat. 48:884-889 
.(Dec.) 1942. 


myelinated component of this tract (fig. 2C). 
Or the explanation might lie in the transmissiori 
by a series of short chains, as postulated by May."* 
Lastly, it is quite possible that near the thalamus 
ipany of the fibers lose their myelin and there- 
fore would not exhibit the Marchi reaction. These 
points should all be considered, but as yet not 
enough cases have been studied to indicate a 
definite answer. The number of fibers is enough, 
however, to establish definitely that they end in 
the posteroventral part of the thalamus. 

SUMMARY 

The spinal cord and brain stem of a tabetic 
patient who died twenty-one days after a bilateral 
chordotomy were studied with the Marchi tech- 
nic. The chordotomies were performed at the 
sixth thoracic segment on the left side and be- 
tween the fourth and the fifth thoracic segment 
on the right side. Subjective relief of pains in the 
legs and gastric crises was obtained, and there 
was loss of pain and temperature sense up to the 
sixth thoracic dermatomal area on the left side 
and to the seventh thoracic dermatome on the 
right side. 

Decussation of the tracts was observed to be 
completed within two segments, and the degen- 
eration, as shown by the Swank-Davenport modi- 
fication of the Marchi technic, was almost bilater- 
ally symmetric in ascent. The degeneration in- 
cluded lateral spinothalamic, spinotectal and dor- 
sal and ventral spinocerebellar fibers. Relative 
lamination was confirmed by the increasingly 
superficial course of the fibers in the cervical 
part of the cord and the lower portion of the 
medulla and their position dorsolateral to the 
inferior olivary nucleus. Incorporation of the 
lateral spinothalamic tract into the lateral lem- 
niscus and the area at the base of the inferior 
colliculus, its entrance into the nucleus ventralis 
posterolateralis of the thalamus and the relative 
scarcity of degenerating fibers here were also 
established. 

Department of Anatomy, University of Southern 
California School of Medicine, Los Angeles 7. 
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In 1936 and 1937 Lennox, Gibbs and Gibbs ^ 
first reported on the effect of bromides and 
barbiturates on the electroencephalograms of nor- 
mal persons and of epileptic patients. In normal 
subjects, the intravenous administration of 5 to 
10 grains (0.325 to 0.65 Gm.) of phenobarbital 
or 30 grains (2 Gm.) of sodium bromide 
produced no appreciable effect until drowsiness 
or sleep occurred, at which point the record 
resembled that obtained during natural drowsi- 
ness or sleep. In epileptic patients, on the other 
hand, a similar dose of either drug tended to 
shorten and distort the seizure discharges and 
to prolong the interval between discharges. 

Since this early report, a number of investi- 
gators have focused their attention on the effect 
of drugs on the electroencephalogram, emphasis 
being given to the clinical phenomena accom- 
panying the various phases of intoxication ^ and 
to the problem of the delirium itself. 

Miss Marie M. Healey and Miss Helen E. Brennan 
gave technical assistance. 

From the Department of Psychiatry of the Harvard 
Medical School, and the Boston Psychopathic Hospital. 
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In 1938 Rubin and Cohen ^ reported 1 case 
of bromide intoxication in which a mildly slow 
pattern (8.3 cycles per second) appeared at 
a blood bromide level of 59.6 mg. per hundred 
cubic centimeters, with an appreciable rise in 
frequency as the level fell to 36.7 mg. per hun- 
dred cubic centimeters. None of the slow 
rhythms characteristic of sleep appeared. 

Recently Romano and Engel ^ have studied 
cases of delirium due to heterogenous disorders, 
such as cardiac ' decompensation, malignant hy- 
pertension, diabetic acidosis and Brill’s disease, 
and have shown that slow activity is the pre- 
dominant quality of the electroencephalogram 
during any of these delirious states, with changes 
toward normal paralleling clinical improvement. 
An interesting point was the virtual absence of 
fast rhythms except those of low voltage, com- 
monly lumped together as “low voltage fast.” 
None of their cases involved delirium due to 
the bromides. 

Progressive slowing of the brain waves has 
been noted during acute induced alcoholic intoxi- 
cation,"^ and a mean change in frequency of 
2 to 3 cycles per second usually accompanies gross 
intoxication.® In a previous communication, 
Greenblatt, Levin and di Cori reported a higher 
incidence of abnormal electroencephalograms for 
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patients suffering from alcoholic psychoses, par- 
ticularly those characterized by hallucinosis or 
confusion, than for normal controls or for per- 
sons wth chronic alcoholism without psychotic 
manifestations. 

The presence of confusion, disorientation and 
memory impairment (the “organic reaction pat- 
tern”), especially in its acute form,® greatly 
increases the probability of finding dysrhythmia 
in any given case. In our experience the 
dysrhythmia is often, but not always, of the 
slow wave type.® 

The present study deals with the electroen- 
cephalograms and the clinical and laboratory 
findings in a series of cases of bromide intoxi- 
cation. 


after thorough review of the essential characterisUcs of 
each tracing and correction for the age of the patient.^^- 
In addition, the predominant frequency was determined 
and classified as follows : 

Normal: 8.5 to 12 per second frequency 

Fast activity: Predominant frequency above 12 cycles per 
second 

Slow activity: Predominant frequency below 8.S cycles per 
second < 

Mixed fast and slow: A pattern consisting of frequencies 
' both faster and slower than the normal range 

The data are both cross sectional and longitudinal. 
For some patients only one electroencephalogram was 
taken, and for others several electroencephalograms 
were obtained over a period. Thus, we observed not 
only the changes in a single patient during the course 
of recovery, but the differences between several patients 
at the same blood bromide level. 

PATIENTS 

A total of 39 patients referred to the Boston Psycho- 
pathic Hospital because of neuropsychiatric disturbances 


Normal and Abnormal Electroencephalograms Encountered at Various Blood Bromide Levels 

for Patients with Bromidism ^ 
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* Abnormal electroencephalograms are divided into those with fast, mixed slow and fast and slow activity. 


METHODS 

Electroencephalographic studies were made with the 
aid of a Grass six channel, ink-writing oscillograph. 
Both monopolar and bipolar tracings were taken, and 
whenever possible a two to three minute record of 
forced hyperventilation was obtained. Frontal, parietal 
and occipital leads were applied to both hemispheres, 
and interconnected leads from the mastoids or the ear 
lobes served as grounds. Note was made of the patient’s 
condition at the time of the electroencephalographic 
study, and special attention was paid to the mental 
picture. Bromide blood levels for these patients were 
determined by the method of Wuth,^" usually on the 
day of the electroencephalographic study, but a fe\V 
blood bromide values had to be interpolated. 

Classification of Electroencephalograms. — 'The trac- 
ings were classified as normal, borderline or abnormal 

8. Greenblatt, M. ; Levin, S., and Atwell, C. : Com- 
parative Evaluation of Electroencephalogram and Psy- 
chological Tests of Abstraction in the Diagnosis of 
Brain Damage, to be published. 

9. Greenblatt, M., and Levin, S. : Factors Affecting 
the Electroencephalogram of Patients with Neurosyph- 
ilis, Am. J. Psychiat., to be published. 

10. Wuth, O. : Rational Bromide Treatment, J. A. 
M. A. 88:2013-2017 (June 25) 1927. 


associated with bromide intoxication were studied. 
Patients with idiopathic epilepsy or known cerebral 
damage were eliminated from the series. 

DATA AND RESULTS 

Concerning the relationship between the elec- 
troencephalogram and the blood bromide level, 
the table shows data for the 39 patients with 
bromide intoxication, divided into two groups: 
(1) patients (22) with a disorder diagnosed 
as bromide psychosis; (2) patients (17) having 
a pronounced personality disorder with bro- 
midism as a secondary feature. For the latter 
group, of 17 patients, the primary diagnoses 
were as follows : psychoneurosis, 3 patients ; 
manic-depressive psychosis, 2 patients ; dementia 
precox, 3 patients, and chronic alcoholism, 4 pa- 
tients. 

11. Greenblatt, M. : The E. E. G. in Late Post-Trau- 
matic Cases, Am. J. Psychiat. 100:378-386 (Nor.) 
1943; Age and Electroencephalographic Abnormality in 
Neuropsychiatric Patients, ibid. 101:82-90 (July) 1944. 



GREENBLATT ET AL.— BROMIDE INTOXICATION 


433 


Percentage of Abnormal Electroencephalo- 
grams and Blood Bromide Level . — For tlie two 
groups taken together, the percentage of abnormal 
electroencephalograms increased with the blood 
bromide level (fig. 1), from 19 per cent, for 
patients with bromide levels under 100 mg. per 
hundred cubic centimeters, to 88 per cent, for 
patients with bromide levels above 200 mg. per 
hundred cubic centimeters. In the two sub- 
groups the .trends are essentially similar. This 
is entirely in agreement with the clinical obser- 
vation that the central nervous effects become 
more marked as the blood bromide level rises. 
However; it should be pointed out that patients 
with the same blood bromide level may have 
entirely different electroencephalograms. 

Type of Electro encephalogrofin and Blood 
Bromide Level . — In addition to the increased 
percentage of abnormal electroencephalograms 



Fig. 1. — Relationship between blood bromide level and 
percentage of abnormal electroencephalograms. The 
relative number of electroencephalograms with slow, 
fast and mixed activity at the various blood bromide 
levels is also indicated. Read as follows : With 100 mg. 
of bromide per hundred cubic centimeters of blood, 19 
per cent of patients had abnormal electroencephalo- 
grams, of which 'roughly two thirds had fast activity 
and one third mixed fast and slow activity. 

with increased blood bromide levels, there ap- 
peared to be, in a number of our cases, a rather 
characteristic electroencephalographic trend as 
the blood bromide level rose, or, more strictly 
(since we studied patients who came to the 
hospital with high blood levels), as the blood 
bromide level fell. At high blood bromide levels 
the electroencephalograms of these patients 
showed mainly slow activity, the abnormality 
being diffuse. Irregular, high voltage, slow 
waves in the 2 to 5 per second range were 
present in the records of 2 patients; the re- 
mainder showed frequencies mainly in the 5 to 8 
per second range, with occasional slower cycles. 


In the intermediary ranges of blood bromide con- 
centrations the electroencephalogram tended to 
show potentials faster than normal, mixed with 
the slow component, while at low levels of blood 
bromide the abnormal electroencephalograms 
usually exhibited abnormally fast activity. When 
fast activity was present, it was of 12 to 25 per 
second frequency as a rule and was either inter- 
mittent or continuous. 

For patients with diffusely slow activity, the 
average bromide level was 266 mg. per hundred 
cubic centimeters ; for patients with mixed slow 
and fast activity, 181 mg.; for patients with fast 
activity, 159 mg., and for patients with normal 
electroencephalograms, 90 mg., per hundred cubic 
centimeters. 


Two noteworthy exceptions to the general 
trend of electroencephalographic changes were 
found. For 1 patient the sequence of events 
was rather unusual, as shown in the following 
tabulation 

Bromide 

Time Xevel, 

After Electroencephalo- Mg./ 

Entry graphic Type % Clinical Picture 

2 days Normal 11/sec. activity 239 Confusion; hallucino- 
sis; thick speech 

12 days Normal 11-12/Eec. activity 131 Mentally clear; 

speech normal 


24 days Low voltage 11-14/sec. 
activity 


39 Mentally clear; 
speech normal 


32 days Medium voltage 11-14/Eec. 0 Mentally clear; 

activity with bursts of speech normal 

18-25/sec. activity 


This patient had severe chronic alcoholism and 
had indulged in bromides for one month. Al- 
though at the highest blood bromide levels his 
sensorium was definitely clouded, the electro- 
encephalogram was essentially normal (11 per 
second rhythm). As the blood bromide level 
dropped, the electroencephalogram changed only 
slightly, the principal effect being the introduc- 
tion of low and medium voltage fast waves in 
the 11 to 14 per second range. It would seem 
that the effect of bromide intoxication in this 
case was to slow a basically fast record to the 
normal range. 

The same phenomenon was noted by Engel 
and Rosenbaum ° in cases of acute alcoholic 
intoxication. When the preintoxication record 
showed fast or fast normal rhythms, the record 
during gross intoxication bad a frequency dis- 
tribution within the normal range. In some 
cases abnormally fast activity became more “nor- 
mal” during intoxication. 

Our other patient, who also had chronic 
alcoholism, had a normal electroencephalogram 
at an initial blood bromide level of 3^ mg. per- 
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hundred cubic centimeters. On admission this 
patient presented a picture similar to delirium 
tremens. A normal electroencephalogram in the 
presence of severe confusion is unusual.^^ The 
remarkable resistance to change in the electro- 
encephalogram demonstrated by these 2 patients 
is an excellent illustration of the - extremes of 
individual variation in response to elevations 
of the blood bromide. 

Relation oj Electroencephalogram to Clinical 
Symptoms . — ^There was a rather characteristic 
relationship between the electroencephalographic 
pattern and the clinical symptoms (fig 2). In 
general, a clinical picture dominated by con- 
fusion and thick speech was associated with 
an abnormally slow rhythm in the electroen- 
cephalogram ; improvement in mental clarity and 
orientation was associated with mixed fast and 
slow activity, and the later phases of recovery 
were associated with either mildly fast or normal 
activity. 

Confusion; A total of 17 out of 39 patients 
were confused, and the majority of these were 
also hallucinated. Three patients were hallu- 
cinated without confusion. (These were the 
only 3 patients with a diagnosis of dementia 
precox.) For the patients with confusion and 
hallucinations, the average blood bromide level 
was 275 mg. per hundred cubic centimeters; 
for those with confusion without hallucinations, 
the average blood bromide level was 224 mg. 
per hundred cubic centimeters. For 19 patients 
with clear mentality, the average blood bromide 
level was 88 mg. per hundred cubic centimeters. 
The electroencephalographic abnormality for 
patients with confusion was 88 per cent, as 
compared with 36 per cent for those without; 
and the incidence of slow activity was 60 per 
cent for the patients with confusion, as compared 
with 12.5 per cent for those without (fig. 2). 

Speech Disturbance : Seventeen of the patients 
displayed evidence of speech disturbance, de- 
scribed variously as “thick speech,” “dysarthria” 
or “slurred speech.” Of these, 88 per cent had 
abnormal electroencephalograms, primarily show- 
ing slow activity ; and the average blood bromide 
level for the 17 patients was 245 mg. per hun- 
dred cubic centimeters. On the other hand, of 
the 22 patients with normal speech, only 36 per 
cent had abnormal electroencephalograms ; and 
the average blood bromide level was 92 mg. 
per hundred cubic centimeters. The majority of 
the abnormal records for patients with bromidism 

12. Romano and Engel.'* Greenblatt and others.^ 
Greenblatt and Levin.® 


but with clear speech exhibited fast activity, and 
none of the records showed the slow type 
(fig. 2). All of the patients whose electroen- 
cephalograms showed abnormally slow rhythms 
had some speech disturbance. 

Total Protein Content of Cerebrospinal Fluid : 
Nine patients had examination of the spinal fluid 
during the period of bromide intoxication. In 
5 of these the total protein was elevated (over 
45 mg. per hundred cubic centimeters), and in 
4 it was within normal limits. No other abnor- 
malities of the cerebrospinal fluid were found 
except an increased bromide content, which, un- 
fortunately, was inadequately studied. The high- 
est reading for total protein was 108 mg. per 
hundred cubic centimeters; the Icfwest was 25 
mg. There was a rough correlation of the ele- 
vation of total protein in the cerebrospinal fluid, 
the electroencephalographic abnormality and the 



Fig. 2. — Relationship between percentage of abnormal 
electroencephalograms and clinical symptoms in patients 
with bromidism. Read as follows: Thirty-six per cent 
of patients with clear mentality had abnormal electro- 
encephalograms, as compared with 88 per cent of patients 
witli confusion. Approximately one eighth of the men- 
tally clear patients with abnormal electroencephalograms 
had slow activity, whereas approximately six tenths of 
confused patients with abnormal electroencephalograms 
had slow activity. 

height of the blood bromide. • Iti 3 cases, spinal 
punctures were repeated during the course of 
recovery from bromide intoxication, and in each 
instance there was a significant drop in the 
total protein level of the cerebrospinal fluid 
along with a fall in the blood bromide. 

Bromide Rash: Eleven of the patients had 
bromide rash on entry, whereas 28 were without 
rash on entry or at any time during the course 
of recovery. Blood bromide levels varied remark- 
ably both for patients with rash and for those 
without ; readings as high as 380 mg. of bromide 
per hundred cubic centimeters of blood were- 
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obtained for persons who were entirely without 
cutaneous manifestations. The average blood 
bromide level on admission was essentially no 
higher for persons witli eruption than for those 
without — 229 mg., as compared with 222 mg., 
per hundred cubic centimeters. Electroenceph- 
alographic abnormalities were only slightly more 
common for persons with rash than for those 
without (64 per cent, as compared with 57 per 
cent). The data suggest that the rash is not 
correlated with either the blood bromide level 
or the electroencephalogram. 

COMMENT 

Three important results appear from this in- 
vestigation of bromide intoxication. 

1. There is a clear general trend toward 
increasing abnormality of the electroencephalo- 
gram with rise in the blood bromide level and 
progressive clouding of the patient’s sensorium. 

2. There is a definite tendency for the electro- 
encephalograms of the various patients to go 
through similar phases of recovery — ^from dif- 
fusely slow activity, at high levels of bromide 
concentration in the blood; through mixed slow 
and fast activity at intermediate ranges of con- 
centration; to 'fast activity, at lower ranges of 
concentration, and, finally, to normal activity, 
when the bromide is largely or entirely eliminated 
and the patient returns to normal both physically 
and mentally. The occurrence of fast activity 
at intermediary blood bromide levels is similar 
to the observation of fast activity with moderate 
intravenous doses of barbiturates, reported by 
Brazier and Finesinger.^^ On the other hand, 
with delirious states not associated with drug 
factors, Romano and Engel ^ found that fast 
activity is virtually absent at all stages of the 
delirious process. 

3. There may be remarkable individual varia- 
tions in the relationship between blood bromide 
level and electroencephalographic abnormality. 
Evidently, very high blood bromide levels may 
at times exist even in the absence of gross elec- 
troencephalographic abnormalities. Persons may 
also differ considerably in the blood bromide 
level at which the sensorial clearing occurs. 
Whether the mental picture or the electroen- 
cephalogram clears first would seem to be an 
entirely individual matter ; either is possible. 

Apart from a fundamental difference in 
vulnerability of the nerve cell to a toxin such 
as bromide, other factors, may be considered in 


attempting to account for the striking individual 
differences in the electroencephalographic find- 
ings at the same blood bromide levels : 

{a) Some patients who have been indulging in 
bromides for a prolonged period may develop 
resistance to the drug, or, on the other hand, they 
may become more sensitive to it. 

{b) The concentration of bromides in the 
extracellular fluid bathing the nerve cells may 
exhibit rapid or marked fluctuations (perhaps 
associated with the patient’s hydration). 

(c) Individual differences may exist in the 
effect of bromide on the permeability of the 
hematoencephalitic barrier. (Not only did an 
increased protein concentration in the cerebro- 
spinal fluid occur concomitantly with elevation 
of the blood bromide level, but at the same 
blood bromide 'level there was considerable indi- 
vidual variation in the protein level of the 
cerebrospinal fluid). 

Of conceivable clinical significance is the fact 
that all patients for whom more than one record 
was taken showed definite changes in the elec- 
troencephalographic pattern with time. An ab- 
normal electroencephalogram which exhibits 
changes toward normal on repetition suggests 
the possibility of acute organic changes, such 
as might occur with drug intoxication. It should 
be borne in mind that both bromide and bar- 
biturate intoxication may be a factor contribut- 
ing to the high percentage of abnormal electro- 
encephalograms reported in some groups of 
acutely psychotic patients. 

SUMMARY 

A study of the electroencephalograms of pa- 
tients with bromide intoxication reveals the fol- 
lowing characteristics : 

The incidence of electroencephalographic ab- 
normality is high during the intoxicated state. 

A progressive clearing of the patient’s sen- 
sorium parallels electroencephalographic changes 
toward normal. 

There exists a definite relationship of the blood 
bromide level, the electroencephalogram and the 
clinical picture. At high blood bromide levels 
(over 200 mg. per hundred cubic centimeters) 
the electroencephalogram tends to show diffuse 
slow activity, and the patient as a rule is con- 
fused and dysarthric. Thus far, no diffusely slow 
activity has been found- in the absence of dysar- 
thria. As the bromide level falls, the electro- 
encephalograms of a number of patients show 
a phase of mixed slow and fast activity, and 
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at low levels of bromide concentration the elec- 
troencephalogram shows essentially normal or 
mildly fast rhythms. 

The electroencephalogram shows changes over 
a remarkable range in both frequency and vol- 
tage. High voltage activity as slow as 2 cycles 
per second is occasionally encountered in sooie 
of the confused patients with high blood brorriide 
levels. Activity in the 5 to 8 cycles per second 


slow range is most frequent, however. On the 
fast side of the frequency spectrum, the activity 
is of medium or low voltage and is generally 
in the range of 12 to 25 cycles per second. 

A striking phenomenon is the pronounced 
individual differences in the electroencephalo- 
gram and the clinical picture at the same blood 
bromide level. 

74 Fen wood Road (15). 



Case Reports 


PROGRESSIVE HEMIATROPHY OF THE FACE 

Major Harold E. Simon and Lieutenant Bernabd ‘Kaye, Medical Cords, Army of the United States 


Progressive idiopathic hemiatrophy of the 
face was first described by Romberg in 1846. 
Since then over 500 cases have been reported, 
including those analyzed by Archambault and 
Fromm ^ in 1932, when they reviewed about 400 
cases in the literature and reported 3 of their own. 

In the case reported by us contralateral hemi- 
hypertrophy was present. We are aware of only 
1 similar reported case ; this was Sterling’s, cited 
by Archambault and Fromm, 

REPORT OF A CASE 

The patient is a white soldier aged 28 years. His 
father and mother both died of cancer of the intestinal 
tract. He had mumps, chickenpox and diphtheria in 
childhood and measles in 1934. Both shoulders were 
dislocated and frequent minor injuries of the face were 
sustained while he was playing football, in 1934-1935. 
An infection occurred in the left external auditory canal 
in 1933 and in the upper lip in 1938. He received an 
honorable discharge frcm the United States Coast Guard 
in 1940 because of persistent seasickness, with severe 
emaciation and weakness, but he recovered completely 
after his return to civilian life. 

Facial asymmetry was first called to his attention in 
1938 by friends, and it was then noticed that the con- 
dition was apparent in photographs taken about eight 
years earlier. Just prior to the discovery of the facial 
atrophy there was aching of the left lower first molar 
tooth, which was relieved when a cavity was filled. 
The wasting of the left side of the face progressed 
until 1943, with resulting loss of strength in the muscles 
of mastication on that side and limitation of mastication 
to the right side of the face for the past five years. 
In recent months a throbbing sensation has been present 
on the affected side, and for a year frequent cramplike 
pains, induced by prolonged mastication or by biting on 
hard objects, have been noted in the right cheek. Occa- 
sionally this pain has been accompanied with momentary 
locking of the jaw, usually when in semiextension. 
Localized anesthesia, anhidrosis or alopecia has not 
developed. 

The atrophy of the face has not progressed for a year 
and other areas have not become involved, but moderate 
progressive enlargement of the opposite side of the face 
has occurred. Typical migraine headaches, nervousness 
and increased irritability have been present since 1940. 
Occasionally fibrillary twitchings and transitory areas 
of numbness have been present in the legs. 

Physical Examination . — The patient was well nour- 
ished and well developed. Asymmetry of the face was 
pronounced (figure) ; The muscles and subcutaneous 
tissues of the left side of the face and jaw showed 
extensive atrophy, involving especially the masseter and, 
to a lesser extent, the temporal muscle, and a muscle 

1. Archambault, L., and Fromm, N. K. : Progressive 
Facial Hemiatrophy, Arch. Neurol. & Psychiat. 27 :S29- 
584 (March) 1932. 


mass was not palpable between the mucous membrane 
and the skin of the left cheek. The nasolabial fold 
was less well defined on the left side than on the right. 
The facial movements were normal, but there existed 
definite mpscular weakness, as shown by inability to 
hold objects firmly between the upper and lower teeth 
on the left side. The skin was soft and appeared 
normal. Pain, tactile and temperature sensations were 
normal and equal on the two sides of the face, and the 
cutaneous temperatures of the right and left cheeks 
were equal. Definite hypertrophy of the opposite side 
of the face, due largely to increased volume of the 
masseter muscle, was present. The results of the exami- 
nation were otherwise normal. Complete ophthalmologic 
examination revealed nothing abnormal. The left nostril 
was smaller than the right, but, except for slight devia- 
tion of the septum, the intranasal structures were'nor- 



Appearance 'of patient, with atrophy of the left side 
and hypertrophy of the right side of the face. 

mal. The left ear was larger than the right. The 
tympanic membranes were normal, and hearing was 
20/20 bilaterally. The mouth, pharynx and neck ap- 
peared normal. The patellar reflexes ' were notably 
decreased; other reflexes were normal. A small area 
of decreased sensitivity to pain was present in the mesial 
aspect of the right groin. 

Roentgenograms of the skull showed no intracranial 
abnormality or changes in bone. A periapical abscess 
of the left lower first molar tooth was apparent. The 
basal metabolic rate was normal. The Kahn reaction 
was negative; urinalysis gave normal results, and the 
dextrose tolerance test was within normal limits. Blood 
chemistry determinations showed 56 mg. of nonprotein 
nitrogen, 36.2 mg. of urea nitrogen, 1.6 mg. of creatinine, 
208.1 mg. of cholesterol and 11.0 mg. of calcium i>er 
hundred cubic centimeters. The erythrocyte, leukocyte 
and differential counts were normal. 

Other than extraction of the abscessed tooth, no treat- 
ment was instituted. 
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CLINICAL PICTURE 

Facial hemiatrophy lias its greatest incidence 
in the second decade of life, but persons of all 
ages are susceptible. The onset is insidious, with 
gradual unilateral loss of substance of the face, 
usually without subjective symptoms. Typically, 
the atrophy is limited to one side and may in- 
volve any or all of the tissues, including the skin, 
subcutaneous fat, muscle, bone and cartilage. 
Involvement of the skin ranges from atrophy to 
scleroderma-like changes, and anomalies of pig- 
mentation or variations in amount of hair on the 
involved side may occur. Atrophy of muscle tis- 
sue, especially of the masseter and temporal mus- 
cles, is present in most cases. Occasionally there 
is hemiatrophy of the tongue and, in some in- 
stances, of the palate. Atrophy of bone is apt to 
occur only if the onset of the disease occurs at 
the ages when development of bone is incom- 
plete. Ocular and periocular changes are com- 
mon and may be evidenced by ptosis, pupillary in- 
equality, narrowing of the palpebral fissure or 
enophthalmos. 

In many of the reported cases involvement of 
other portions of the body has been present, but 
the symptoms have presented such a wide varia- 
tion that it is difficult to reconcile them with a 
concept of progressive facial hemiatrophy as a 
distinct clinical entity. It is felt, however, that 
some of these patients have had typical facial 
hemiatrophy in the presence of other, unrelated, 
pathologic conditions, while in others the atrophy 
of the face has been merely an incident in an 
entirely different clinical syndrome. There are 
no laboratory findings of significance. 

Little is known concerning the pathologic 
changes associated with progressive facial hemi- 


atrophy. Archambault and Fromm were able to 
find only 3 cases in which necropsy was per- 
formed; in 2 cases there was proliferative inter- 
stitial neuritis in all branches of the trigeminal 
nerve and in the gasserian and the neighboring 
ganglia. In the third case no neurologic lesions 
were found. 

The etiologic factors likewise remain obscure. 
Lesions of the sympathetic nervous system, in- 
volvement of the trigeminal nerve or of the di- 
encephalon, polyneuritis, chronic polioencephalitis 
of unknown origin and endocrine disorders have 
all been suggested. These theories all lack con- 
firmation and fail to account for the various 
manifestations presented. 

The condition usually becomes static in from 
one to twelve years, and in uncomplicated cases 
there is no tendency to serious complications or 
fatal termination. The value of all suggested 
treatments is extremely doubtful. 

SUMMARY AND COMMENT 

The case of progressive facial hemiatrophy 
associated with contralateral hemihypertrophy 
presented here is typical in its limitation of 
atrophy to one side of the face, in contrast to 
many of the cases reported in the literature in 
which atrophy of other parts of the body or other 
abnormalities coexisted. The associated hyper- 
trophy of the opposite side of the face is a condi- 
tion found in only 1 of the cases encountered in 
the literature. It may be physiologic, compensat- 
ing for the weakness of the involved side and 
made possible by the strict unilaterality of the 
process and the otherwise normal, active condi- 
tion of the patient. 
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Psychiatry and Psychopathology 

PSYCHOMOTILITY IN BEHAVIOUR DISORDERS AS SEEN IN 
THE HAND^VRITING OF CHILDREN. SeLNA ScHRYVER, 

J. Nerv*. & Merit Dis. 100:64 (July) 1944. 

The study of a subject’s handwriting gives a clue to 
his psychomotility, and through tliis, information as to 
his personality makeup can be obtained. With children 
the study of handwriting is handicapped by the subject’s 
difficulty in spelling and by lack of routine. To over- 
come this the author has worked out a test in which 
children are asked to write a number of simple basic 
parts of the usual letters at least twenty times each. In 
a series of 100 specimens of handwriting written by a 
group of children with various psychiatric disorders 
there were indications of the intelligence level, character 
traits and emotional maturity of the writer. Aggressive, 
noisy children produced samples marked by great pres- 
sure and angularity, while preoccupied children with 
feelings of inferiority had small letters characterized by 
short endings, low pressure and hesitating beginnings. 
Psychotic children showed splitting of forms, exaggera- 
tion of , size and contraction and alteration of forms. 
In evaluation of the samples, the gestalt, as well as other 
details, must be considered for a rounded picture. 

Chodoff, Langley Field, Va. 

Meninges and Blood Vessels 

Meningococcic Infections : Report of 43 Cases of 
Meningococcic Meningitis and 8 Cases of Men- 
INGOCOCCEMIA. H. WebSTER SMITH, LbWIS ThOMAS, 
John H. Dingle and Maxwell Finland, Ann. Int. 
Med. 20:12 (Jan.) 1944. 

Smith, Thomas, Dingle and Finland report on 51 
patients with meningococcic infections admitted to the 
Boston City Hospital in the two year period beginning 
Sept. 1, 1940. Included among the 51 patients were 
43 with meningitis and 8 with meningococcemia without 
clinical evidence of meningitis. The study was made in 
order to emphasize some of the less commonly recog- 
nized features of the clinical course, the laboratory find- 
ings and the therapy of meningococcic infections. 

The authors noted from their case studies that one 
or more of the commoner findings of meningococcic 
meningitis may be absent in a given case. It was 
possible to make a tentative diagnosis of meningococcic 
meningitis in almost. every instance by examination of 
a smear of the cerebrospinal fluid or its sediment stained 
with Gram’s method. However, the group H menin- 
gococcus should be carefully distinguished from the 
gonococcus, especially in cases in which the organism 
is recovered only from the blood. 

The initial dose of a sulfonamide drug should be 
administered intravenously to patients with meningitis 
even if they appear only moderately ill when first seen. 
All but 2 of the patients with meningitis who recovered 
showed objective signs of clinical improvement twenty- 
four hours or less after sulfonamide therapy. 

The authors state that patients with a relative brady- 
cardia, even though they may appear only moderately 


ill, should be observed for evidence of increased intra- 
cranial pressure. Lumbar puncture is of diagnostic value 
and should be employed as a therapeutic measure for 
the symptomatic relief of increased intracranial pres- 
sure. The presence of a normal sugar content of the 
cerebrospinal fluid following sulfonamide therapy or 
parenteral administration of dextrose was found to.be, 
in itself, of no value in estimating the patient's clinical 
status. Pulmonary involvement was frequent in the 
patients with meningococcic meningitis and probably 
represented a local infection with the meningococcus, 
either alone or in association with other organisms. 

There were 9 deaths among the 43 patients with 
meningococcic meningitis, but there were no fatalities 
among the 8 patients with meningococcemia. 

Guttman, Philadelphia. 

Some Clinical Aspects of Meningococcic Infection. 
F. Dennette Adams, Ann. Int. Med. 20:33 (Jan.) 
1944. 

Adams discusses some of the less known or more 
frequently forgotten manifestations of meningococcic 
infection. Meningococcemia with acute meningitis, 
acute fulminating meningococcic septicemia (Waterhouse- 
Friderichsen syndrome), meningococcemia with arthritis 
and chronic meningococcemia are briefly considered. 
Meningitis may occur in any case which belongs in one 
of the last three groups, but the diagnosis must and 
can be made in the absence of symptoms and signs of 
meningeal involvement. 

The author states that the response to sulfonamide 
drugs is little short of miraculous. Sulfadiazine at 
present is regarded as the drug of choice, with sulfa- 
thiazole a close second. He stresses the value of prompt 
and adequate sulfonamide therapy, the first dose being 
given intravenously. The condition of the patient is 
deemed the best guide to subsequent sulfonamide ther- 
apy. An adequate fluid intake is essential. Adams 
advises the use of meningococcus antitoxin for all pa- 
tients who appear to be severely ill. Also, adrenal 
cortex extract and blood plasma may tide the patient 
over a period of so-called circulatory collapse. 

Guttman, Philadelphia. 

The Mechanism and Treatment of Raynaud’s Dis- 
ease. IsiDOR Mufson, Ann. Int. Med. 20:228 (Feb.) 
1944. 

Mufson reports 6 cases of Raynaud’s disease. His 
observations led him to state that there exists a causal 
relationship between the chief somatic complaint and 
both the personality derangement and the emotional dis- 
turbance. Cooling of the skin is the trigger mechanism 
which renders complete the partial occlusion of the 
minute vessels, which has been initiated and is sustained 
by personality and social-economic derangements. It 
is further postulated that this cyclic type of vasospasm 
induces a nonspecific endarteritis, with secondary spasm 
and endovascular thrombi. Repeated insults of this 
type lead to chronic tissue hypoxia. 
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Mufson concludes that only a combination of thera- 
peutic measures directed, first, toward improvement in 
mental hygiene and alleviation of social-economic de- 
rangements, and, second, to an increase in collateral 
circulation will obtain a total cure of all degrees of 
severity of Raynaud’s disease. 

Guttman, Philadelphia. 

Temporal Arteritis : A Local Manifestation of a 
Systemic Disease. Julius Chasnoff and Jeffer- 
son J. VoRziMER, Ann. Int. Med. 20:327 (Feb.) 
1944. 

Chasnoff and Vorzimer report the case of a patient 
who had arteritis of the temporal vessels. Necropsy 
revealed evidence of a generalized systemic arterial dis- 
ease. The authors conclude that arteritis of the tem- 
poral vessels is a common local manifestation of a 
systemic arterial disease which must no longer be re- 
garded as benign. Guttman, Philadelphia. 

Recurrent Pneumococcic Meningitis Treated with 
Sulfonamides. Henry Hopkins, L. C. Hatch, 
H. P. ScHENCK and D. S. Pepper, Ann. Int. Med. 
20:333 (Feb.) 1944. 

The authors report a case in which meningitis de- 
veloped during the course of a sinusitis which was 
subsequently treated surgically. Type XVIII pneumo- 
coccus was isolated. The meningitis apparently subsided 
after administration of sulfapyridine and antipneumo- 
coccic serum. The patient experienced two more epi- 
sodes of meningitis. Over a period of about thirteen 
weeks, 182 Gm. of sulfapyridine, 180 Gm. of sulfathia- 
zole and 1,600,000 units of antipneumococcic serum were 
administered. Recovery was apparently complete. 

Guttman, Philadelphia. 

Biologic False Positive Spinal Fluid Wassermann 
Reactions Associated with Meningitis. Virgil 
Scott, Frank W. Reynolds and Charles F. Mohr, 
Am. J. Syph., Conor. & Ven. Dis. 28:431 (July) 
1944. 

Scott, Reynolds and Mohr report 7 cases of con- 
firmed false positive reactions of the spinal fluid of 
nonsyphilitic persons during the course of meningitis. 
In 3 cases the meningitis was of tuberculous, in 2 of 
meningococcic, and in 2 of aseptic lymphocytic type. 
An additional case is included in which transfer of 
reagin from the blood to the spinal fluid may have 
occurred during an illness characterized by aseptic 
lymphocytic meningitis. These cases were from a 
series of 271 cases of meningitis of one of the types 
mentioned. 

Unconfirmed positive Wassermann reactions of the 
spinal fluid were observed in an additional 20 cases 
of various types of acute intracranial disease occurring 
in nonsyphilitic patients. These cases were from a 
series of 200 cases of such diseases as pneumococcic, 
influenzal, streptococcic and staphylococcic meningitis; 
poliomyelitis; subarachnoid hemorrhage, and tumor of 
the cerebellopontile angle. The authors state that the 
positive Wassermann reactions could have been due 
to a technical error. 

These observations indicate that in view of the occur- 
rence of false positive Wassermann reactions of 'the 
spinal fluid, the diagnosis of neurosyphilis, based solely 
on the Wassermann reaction, is unjustified in cases of 
meningitis and other types of acute intracranial proc- 


esses until repeated tests performed after the condition 
has completely subsided demonstrate the continued pres- 
ence of reagin. False reactions are usually short lived, 
for in 7 of the 8 cases reported in this series the reac- 
tion was transitory. Guttman, Philadelphia. 

Diseases of tie Brain 

The Clinical Aspects of Traumatic Epilepsy. D. 
Denny-Brown, Am. J. Psychiat. 100:585 (March) 
1944. 

Denny-Brown, in reviewing the status of traumatic 
epilepsy, states that for this purpose head injury should 
be defined as injury to the skull which might directly 
or indirectly cause damage to the brain. Gunshot 
wounds resulting in penetration of the dura are twice 
as likely to produce epilepsy as are those which pene- 
trate only the scalp and bone. Scalp wounds due to 
missiles produce epilepsy more readily than similar 
wounds caused by blunt instruments. The high lia- 
bility to epilepsy is therefore inherent in localized 
injury to the brain; this is in contrast to concussion, 
which is a generalized cerebral disturbance. The inci- 
dence of traumatic epilepsy is much lower in civilian 
than in military practice'. While some confusion exists in 
the literature regarding the importance of foreign bodies 
within the cerebrum, it appears that in themselves they/ 
do not materially increase the tendency to seizures. 
Wound sepsis, however, operates strongly in favor of 
the development of seizures. The duration of post- 
traumatic amnesia is an indication only of generalized 
cerebral disturbance and is not related to the devel- 
opment of seizures. The average time interval between 
the head injury and the first seizure is over two years, 
with extremes as great as twenty years. Denny-Brown, 
states there is a common association of quasifugue 
states and traumatic epilepsy. A personality change, 
usually not- clearcut, toward impulsive, irritable, reck- 
less behavior may herald the appearance of epilepsy. 
Minor attacks, commonly preceded by a vertiginous 
aura, may be a precursor of traumatic epilepsy. Denny- 
Brown believes that neither the immediate nor the 
later electroencephalographic changes associated with 
head injury and seizures can be related to the presence 
of hereditary epilepsy. He indicates that not all .epi- 
leptogenic scars are cerebrodural and that some are 
not fibrous. Jacksonian attacks or seizures with focal 
onset occur in less than one-half the cases of traumatic 
epilepsy, and localized jacksonian epilepsy has an ex- 
cellent prognosis for surgical treatment. 

Forster, Philadelphia. 

The Electroencephalogram in Post-Traumatic Epi- 
lepsy. Frederic A. Gibbs, Walter R. Wegner 
and E. L. Gibbs', Am. J. Psychiat. 100:738 (May) 
1944. 

Gibbs, Wegner and Gibbs point out that the amount 
of abnormality present in the electroencephalogram 
after head injury depends on the physical force applied 
to the brain, the ability of the brain to" withstand the 
blow and the time that has elapsed after the injury. 
They divided their material into cases of mild and 
cases of severe head injury and studied it in 'relation 
to the importance of age and the time interval after 
injury. They studied 175 cases of post-traumatic epi- 
lepsy and 215 cases of head injury without convulsions. 
The latter group was further divided into cases of miW 
and cases of severe head injury. In all cases electro- 
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encephalograms were taken three or more months after 
the injury, so that only the chronic ^ post-traumatic 
state was considered. The records of the three groups 
of post-traumatic patients were compared with the 
records of 1,161 epileptic patients and of 1,000 normal 
control subjects. 

In patients with severe head injuries but without 
seizures the incidence of abnormalities in the electro-en- 
cephalograms continued to decrease from three months to 
two years after injury, while within the same time 
limits there was a slight decrease in abnormalities in 
the records of patients with post-traumatic epilepsy. 
Mild head* injuries were found to increase but slightly 
the incidence of abnormalities over that found for the 
control group, whereas with severe head injuries the 
incidence of abnormalities was more than twice that 
for the control group. After head injury, children were 
more likely than adults to have abnormalities in the 
electroencephalogram, and they showed a greater ten- 
dency to focal abnormalities. Focal abnormalities of the 
electroencephalogram were four times as common for 
patients with post-traumatic epilepsy as they were for 
unselected epileptic patients. Their appearance corre- 
lated well with the occurrence of focal seizures and 
strongly suggested focal damage to the brain. 

The incidence of focal disturbances of the electro- 
encephalogram for patients with post-traumatic epilepsy 
was twenty-one times that for patients with head injury 
without seizures. 

Gibbs, Wegner and Gibbs state that subjective com- 
plaints after head injury cannot be correlated with 
electroencephalographic abnormalities and that a normal 
electroencephalogram does not exclude the possibility of 
cerebral damage or post-traumatic epilepsy. They give 
a detailed statistical evaluation of the presence of normal 
and abnormal patients, both focal and generalized, in 
the electroencephalogram after head injury. 

Forster, Philadelphia. 

Encephalopathy, Nephrosis, and Renal Granuloma 
Following Sulfonamide Therapy. Bernard 
Maisel, Charles S. Kubik and James B. Ayer, 
Ann. Int. Med. 20:311 (Feb.) 1944. 

Maisel, Kubik and Ayer report a case in which the 
outstanding symptom was somnolence to the point of 
stupor. The patient was very sensitive to mushrooms, 
and on several occasions mushoom soup was followed 
by nausea and loss of consciousness. The current dis- 
turbance in the state of consciousness followed a twenty- 
four day period of oral administration of sulfonamide 
compounds (sulfathiazole 24 Gm., sulfadiazine 6.5 Gm. 
and sulfanilamide 2 Gm.). The chemotherapy was 
employed after the removal of a ureteral calculus. The 
patient died quietly thirt 3 ’^-six days after the initial dose 
of sulfathiazole. At no time were any significant neuro- 
logic signs noted. 

At necropsy diffuse cerebral and cerebellar changes 
.were observed. In spite of the lack of clinical evidence 
of renal impairment, the parenchymal and vascular 
changes were similar to those produced in experimental 
studies on the sulfonamide drugs. 

The authors conclude that, though some of the cere- 
bral and cerebellar changes observed were similar to 
those seen in patients whose death was preceded by 
various severe illnesses, the presence of renal changes 
characteristic of sulfonamide intoxication suggested that 
the cerebral and cerebellar changes resulted from sulf- 
onamide therapy. ~ 

Guttman, Philadelphia. 


Bacteroides Infections of the Central Nervous 
System. William E. Smith, Robert E. McCall 
and Thomas J. Blake, Ann. Int. Med. 20:920 
(June) 1944. 

Smith, McCall and Blake report 4 cases of infection 
of the central nervous system with an organism of the 
bacteroides group. In 2 cases meningitis and in 2 cere- 
bral abscess was present. The authors found data in the 
literature on 11 fatal cases of infection of the central 
nervous system with Bacteroides. 

Infection of the central nervous system due to Bac- 
teroides arises most commonly from chronic otitis media, 
usually associated with mastoiditis. It is more frequent 
in adults, and its symptoms correspond to those asso- 
ciated with other pyogenic infections of the central 
nervous system. The onset of Bacteroides meningitis 
is acute, with elevation of temperature, headache and 
stiffness of the neck. The onset of cerebral abscess 
due to an organism of this group is less acute and may 
be signalized only by headache and vomiting. In cases 
of cerebral abscess, the cerebrospinal fluid may be clear. 
In cases of meningitis, the fluid is cloudy; the cell 
count ranges from 2,000 to 45,000 cells per cubic milli- 
meter, and the sugar content is decreased, but the pro- 
tein content is increased. The diagnosis depends on 
cultivation of the organisms — anaerobic, gram-negative, 
non-spore-bearing bacilli. Anaerobic cultures should be 
made in cases of meningitis or cerebral abscess, espe- 
cially of otitic origin, when gram-negative bacilli are 
seen in smears or when no organisms can be cultivated 
aerobically. Primary isolation of bacteroides is greatly 
facilitated by addition of 30 per cent ascitic fluid to the 
medium. The course may be acute, with death occur- 
ring between the fourth and the ninth day in fatal cases. 
Recovery, when it occurs, may be prompt or prolonged, 
depending on the severity of the meningitis and the 
presence or absence of cerebral abscess. 

On the basis of the cases already reported in the 
literature, the prognosis appears hopeless. However, 
3 of the authors’ 4 patients recovered. The authors 
state that the three factors which may have aided in 
recovery were more adequate surgical and supportive 
treatment and 'sulfonamide therapy. The treatment of 
choice, at present, consists of early and adequate sur- 
gical procedures to remove foci of infection in the ear 
and mastoid; repeated lumbar punctures for drainage 
of fluid, in cases of meningitis ; appropriate measures for 
drainage of cerebral abscess ; attention to indications 
for intravenous administration of fluids and transfusions, 
and sulfadiazine therapy. Philadelphia. 

Meniere’s Disease. J. R. Lindsay, Arch. Otolaryng. 
39:313 (April) 1944. 

Lindsay examined the temporal bones of a middle- 
aged man who had had Meniere’s disease for three 
years. During an attack of vertigo he fell, sustained 
a fracture of the skull and died of subdural hematoma. 
The temporal bones were fixed in a solution of formal- 
dehyde and prepared in the usual way. The left bone 
was serially sectioned in the vertical plane, and the 
right bone was sectioned horizontalljL The pathologic 
changes in the right ear were limited to the vascular 
congestion and hemorrhage in the modiolus and to tlie 
degenerative changes in the spiral ganglion. The for- 
mer were due probably to the cranial trauma, while 
the changes in the ganglion were thought to be related 
directly to the hearing loss for tones above the fre- 
quency of 2048 cycles. 
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On the left side, the membranes of the internal ear 
were well preserved. The cochlear duct was greatly- 
dilated, and beginning herniation of the duct through 
the helicotrema was observed. There was degeneration 
of cells of the spiral ganglion in the basal coil. The 
ductus reunions was of normal size. The saccule almost 
completely filled the vestibule, and the wall of the 
saccule overlay the stapedial foot plate. The utricle 
was dilated in the lower portion leading to the ampulla 
of the posterior canal, where a tendency to herniate 
behind the thick wall of the ampulla was seen. The 
walls of the semicircular canals were normal. 

The cause of the hydrops was not evident on histologic 
examination. Ryan, M. C., A. U. S. 


Hemangioblastoma of the Medulla (Lindau’s Dis- 
ease). Mervyn H. Hirschfield, J. Nerv. & Ment. 
Dis. 99:656 (May) 1944. 

Lindau’s disease is characterized by retinal angioma- 
tosis and by hemangioblastomas of the cerebellum, brain 
stem and spinal cord, with cyst formation and syringo- 
myelia. Cystic areas occur in the pancreas, kidneys and 
liver. Hirschfield reports the case of a man aged 21 
with von Hippel’s disease in whom signs and symptoms 
of medullary involvement developed. He was treated 
with radiation, receiving a total of 1,475 r in twenty-six 
days, with remarkable improvement in the neurologic 

Chodoff, Langley Field, Va. 

Central Nervous System Complications Arising 
FROM Diseases of the Blood Forming Tissues. 
Stacy R. Mettier, J. Nerv. & Ment. Dis. 99:758 
(May) 1944. 

Alettier reviews the clinical manifestations referable 
to the central nervous system in a large series of cases 
of various diseases of the blood-forming tissues. In 
treatment of the neurologic aspects of pernicious anemia, 
early and vigorous liver therapy is essential, and it will 
produce considerable improvement in three to six 
months. Certain malignant neoplastic processes involv- 
ing the hematopoietic structures may give rise to pres- 
sure symptoms within the central nervous system. Of 
these, Hodgkin’s disease and lymphosarcoma are the 
most important, with an incidence of neurologic com- 
plications, of various sorts, of 10 to 14 per cent. In 
20.5 per cent of a series of 334 cases of leukemia neuro- 
logic symptoms were present. The author has seen 
several instances of a Meniere type of vertigo due to 
leukemia. Diseases characterized by hemorrhagic dia- 
thesis may be marked by subarachnoid or intracerebral 
hemorrhage. Four cases of this type were observed 
with thrombocytopenic purpura. Severe anemia due to 
rapid loss of blood may be complicated by focal con- 
vulsions, due either to the fall in blood pressure or to 
the irritating - effects of anoxemia on the cortical cells. 

Chodoff, Langley Field, Va. 


from depression to euphoria. There were no gross 
abnormal neurologic signs. Roentgenograms of the 
skull revealed a thickened calvaria, with frontoparietal 
hyperostosis frontalis interna and calcification in the 
falx. Pneumoencephalographic examination revealed 
pronounced cortical atrophy over the frontal and parietal 
lobes, atrophy of the islands of Reil and moderately 
advanced internal hydrocephalus, with asymmetry and 
irregularity of the lateral ventricles. 

The condition is regarded as the Morgagni-Stewart- 
Morel syndrome. Guttman, Philadelphia. 


Adrenal Cortical Function Independent of Direct 
Nervous Action : A Neurological Study of Nor- 
mal, Denervated and Transplanted Adrenal 
Glands of Albino Rats. W. E. MacFarland, 
J. Exper. Zool. 95:345 (April) 1944. 


In 10 animals, wallerian degeneration within the 
adrenal gland after excision of the greater and lesser 
splanchnic nerves produced marked changes in the 
medulla but no detectable cjffologic changes in the 
cortex. 

In 48 animals, the left adrenal was transplanted to 
the left inguinal region. The animals tvere divided into 
two groups. In 8 rats of one series, the transplant was 
recovered as a small nodule of cortical tissue. In the 
other 24 rats the right adrenal was removed five to 
three hundred and seven days after transplantation of 
the left adrenal. Fifteen of these animals died from 
one to fifteen days after the operation, and the trans- 
plants were removed from the 9 survivors from six to 
forty-two days after loss of the right adrenal gland. 

The functional activity of the transplants was shown 
by the survival of the animals and by their changes in 
weight after each operation. Bilateral adrenalpctomy 
in rats of this stock produced death in one to seventeen 
days. 

Microscopic examination of serial sections of normal 
adrenal glands showed a few small bundles and scattered 
fibers of nerves passing, without branching, through the 
cortex to terminate in the medulla. Examination of 
functional transplants showed robust masses of cortical 
tissue which were lacking in medulla or any detectable 
nerve content. 

Regeneration was most effective when (a) the whole 
left adrenal was transplanted and (h) the right adrenal 
gland was left in situ for not longer than ten days 
before removal. About 69 per cent of the glands trans- 
planted in toto showed functional regeneration. 

Ganglion cells were not noted in the cortex but were 
observed in the medulla in about 50 per cent of all the 
adrenals examined. Ganglion cells may be more abun- 
dant in the right than in the left adrenal gland. All the 
evidence indicates that the medulla of the adrenal gland 
is the only part which is innervated by secretory fibers 
and that there is no direct neural control of the func- 
tional activity of the cortex. 


Vegetative and Endocrine Systems 

The AIorgagni-Stewart-Morel Syndrome: Report 
OF A Case with Pneumoencephalographic Find- 
ings. IM.atthew T. Moore, Arch. Int. Med. 73:7 
(Jan.) 1944. 

Isloore reports the case of a 39 year old woman whose 
difficulties consisted of seizures, double vision, headaches, 
periods of disturbance in gait and clumsiness and, per- 
haps, a mild menstrual abnormality. During the patient’s 
hospitalization it was reported that the mood ''Varied 


Return of Virility After Prefrontal Leucotomy, 
tviTH Enlargement of Gonads. R. H. Hemphill, 
Lancet 2:345 (Sept. 9) 1944, 

Hemphill reports the case of a man aged 33 witli an 
obsessional neurosis, which had increased in severity 
since the first symptoms appeared, at the age of 23. 
He had been sexually potent but had lost his libido and 
became impotent at the age of 28., jHe had lost wejgljt. 
owing to a highly inadequate intake, of food. His tesfes 
were tiny and soft on admission, and the penis was thin 
and long; • There was little hair on the body, and it 
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was faUiiig out on llic pubis. Biopsy of the testes 
showed shrunken tubules, hyalinization of the basement 
membrane, loss of seminiferous epithelium, absence of 
mature sperm forms and no compensatory hyperplasia of 
interstitial cells. Excretion of 17-ketosteroids was 3.S 
mcr. per twenty-four hours. Protracted attempts to in- 
crease his weight failed, and eighteen months later a 
prefrontal leukotomy was performed. The day after 
operation his appetite showed great improvement, and 
he gained weight rapidly. His penis hecatne longer and 
thicker: the testes became large and firm and descended 
noticeably, and the scrotum developed to accommodate 
them. All his obsessions disappeared, and he became 
good natured and complacent, though a hit lazy. Four 
months after operation he had normal libido and po- 
tentia. The output of 17-ketosleroids rose to 8.87 mg. 
per twenty-four hours. He married and held a position 
as a clerk. 

Since the weight and atrophy of the genitalia had re- 
mained unchanged for years prior to operation, in spite 
of other therapy. Hemphill feels certain that the change 
can he attributed entirely to the surgical procedure. He 
states that perhaps frontohypothalamic, as well as 
thalamic, pathways were interrupted, thus serving to 
release pituitary inhibition of the gonads. 

McC.\UT!:f!, Boston. 

Treatment, Neurosurgery 

Surgical Maxaglmext or Compouxd Depkessed 
Fracture of Froxtal Sixus, Ceueuuospixal 
Rhixorriiea axi) Pxeumocephalus. E. S. Gurd- 
ji.vx and J. E. Webster, Arch. Otolaryng. 39:287 
(April) 1944. 

Over a twelve year period (1930-1942) Gurdjian and 
> Webster treated 31 patients with compound depressed 
I fracture of the frontal sinus and in its neighborhood, 
I 13 with cerebrospinal rhinorrhea and 9 with pneumo- 
I cephalus. 

' Compound depressed fracture of the frontal sinus and 
its neighborhood may establish a communication hc- 
i tween the nose and the cranial cavity. Hence, it is a 
potential source of infection, and the rationale of opera- 
tive intervention is to repair the communication hetween 
the intracranial cavity and the nasal spaces and thus 
■ to obviate the possible contamination of the former. 

Automobile accidents rank far ahead of other sources 
of trauma in producing compound depressed fractures 
in this region. The fractures of about 75 per cent of 
the 31 patients were due to motor accidents. Seven 
patients in the group were not rendered unconscious at 
the time of their injury; 13 gave a history of a short 
period of unconsciousness, and 11 had evidence of severe 
damage to the brain. Twenty-one patients in the group 
had dural tears, varying from small punctures to ex- 
tensive lacerations. In fully one half of these persons 
there was underlying. lacerated and necrotic brain tissue. 
Cerebrospinal rhinorrhea occurred in 4 patients, and 
pneumocephalus was observed in 3 patients. Meningitis 
developed in 3 patients, 2 of whom recovered. Brain 
abscess occurred in 1 patient and was successfully 
treated. Three of the group of 31 patients died, 2 as a 
result of associated damage to the brain and 1 as a result 
of meningitis. 

Compound depressed fracture in the region of the 
•ftontal sinus should receive surgical treatment as soon 
as the condition of the patient permits. Careful roent- 
genographic examination should precede every operative 
repair, so that the extent of bony damage may be care- 
fully evaluated before operation. The authors prefer 


exposing the lesion by extending the initial laceration 
in an appropriate manner. In some cases a fronto- 
temporal skin flap is made. The comminuted pieces of 
hone arc removed from the outer wall of the frontal 
sinus. The interior of this sinus is then carefully in- 
spected, and comminuted and depressed pieces, if present, 
arc removed. Dural tears are repaired with silk. If the 
necrotic brain tissue is found in the sinus, it is sucked 
away. If the tear in the dura is beyond repair, the 
edges arc approximated and held together with sutures, 
and the area is packed with antiseptic gauze to hold the 
dura away from bony attachments. The pack may be 
removed slowly over a period of six to eight days, or 
the wound may be closed completely and six to eight 
days later reopened for removal of the pack. In the 
absence of local infection, repair of the bony defect may 
he undertaken four to six months after the accident. If 
postoperative infection occurs, the defect may be repaired 
eight to ten months after the infection has completely 
cleared up. In repairing the defect, osteoperiosteal 
transplants or a plastic substance called “plexiglas” 'may 
he employed. 

Traumatic cerebrospinal rhinorrhea is a serious com- 
plication of head injury, even with the availability of 
chemotherapeutie drugs. It is probably more common 
than is observed or described, as the leakage may not 
he detected because of the patient’s prone position in 
bed. The condition is serious because infection may 
enter the cranial cavity from the nasal passages. Men- 
ingitis and cerebral abscess arc common sequelae. Heal- 
ing of acute cerebrospinal rhinorrhea, with no reappear- 
ance of leakage, may take place during absolute rest 
in bed. When it recurs on one or more occasions, 
closure of the fistulous tract without operative interven- 
tion is rare, and meningitis or abscess of the brain or 
hoih may develop months or even years after the acci- 
dent. In such cases treatment is difficult, and frequently 
death results. 

Of the 13 patients reported, 8 were seen in the acute 
stage of trauma to the head, and 5 had recurrent cere- 
brospinal rhinorrhea. Of the patients seen during the 
acute phase, 4 had surgical treatment, and the remain- 
ing 4 were treated conservatively. The indication for 
operation on 3 patients was the presence of a compound 
depressed fracture of the frontal sinus and in its neigh- 
borhood. The other patient receiving surgical treatment 
had a comminuted fracture of the inner wall of the 
frontal sinus and of the cribriform plate, with no lacera- 
tion of the forehead. Treatment may be conservative 
or operative or both. If a conservative measure is 
decided on, the patient is strictly confined to bed and 
is given prophylactic doses of sulfonamide compounds. 
If operative management is desirable, the problem varies 
according to the type of condition. In a case of com- 
pound depressed fracture, the initial wound may be 
enlarged by appropriate extension, the area of damage 
•exposed and the torn dura repaired. In a case of re-- 
current rhinorrhea with no complications, the anterior 
fossa may be exposed by turning a low frontal flap. 
The torn dura is then exposed externally and repaired. 
When a complicating condition is already present, treat- 
ment is directed first to the complication, before repair 
of the cranionasal fistula is considered. 

Pneumocephalus may be present without cerebrospinal 
rhinorrhea, and many patients with cerebrospinal rhinor- 
rhea have no associated pneumocephalus. The usual 
avenue of entrance of air is a cranionasal fistula. Frac- 
ture through the petrous bone is the second avenue of 
entrance, with bloody or cerebrospinal otorrhea as a 
sequela. In 4 patients in this group, pneumocephalus 
was associated with cerebrospinal rhinorrhea, and in 
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4 others, with cerebrospinal or bloody otorrhea. In 1 
patient a compound depressed fracture of the occipital 
region which had been left untreated for five days was 
the avenue of entrance of air. The air may be subdural, 
ventricular, intracerebral or subarachnoid. Most com- 
monly it is subdural, while subarachnoid accumulation 
is rare. Diagnosis is simple after roentgenographic 
examination. 

Conservative treatment, namely, strict rest in bed in 
a semi-Fowler position, has a definite place in the 
management of pneumocephalus associated with acute 
injury of the head. For the acute form of pneumo- 
cephalus, operative intervention may be indicated because 
of the presence of compound depressed fracture in the 
neighborhood -of the frontal sinus or elsewhere. Pneu- 
mocephalus appearing months or years after the acute 
injury is treated surgically. Usually latent pneumo- 
cephalus is due to a cranionasal fistula. If the fistula 
extends through the anterior fossa, an adequate frontal 
bone flap may be used to explore the region extradurally 
and intradurally. ‘ Ryan, M.C., A.U.S. 

Repair of Peripheral Injuries of the Facial Nfjive. 
R.C. Martin, J. Nerv. & Ment. Dis. 99:755 (May) 
1944. 

Early attempts at repair of the peripherally injured 
facial nerve utilized the hypoglossal and spinal accessory 
nerves for the proximal segments and the facial nerve 
for the distal portion. If no proximal segment of the 
facial nerve can be found, this operation is useful, al- 
though distressing associated movements occur. Bunnell, 
in 1927, performed a successful end to end suture of the 
facial nerve by removing the intratympanic portion of 
the nerve from its bed and shifting it anteriorly. 
Homologous sensory or motor grafts have been used as 
bridges by which the axons gain access to the distal 
facial trunk. End results in patients treated by these 
methods show no contractures, but there remain asso- 
ciated movements when strong volitional movements are 
attempted. Function of the frontalis muscle is seldom 

regained. Chodoff, Langley Field, Va. 

Prevention of Fatality and Fracture During Elec- 
trical Coma Therapy. Harry F. D.^rling, J. Nerv. 
& Ment. Dis. 100:70 (July) 1944. 

Darling believes that the best results in avoiding 
skeletal fractures as complications of electric coma 
therapy are to be obtained by allowing the limbs to 
convulse freely rather than by applying manual or 
mechanical restraints. More than 350 courses of treat- 
ment have been given with this method without direct 
or indirect fatality or fracture. Since no attempt is 
made to impede the freedom of action of epileptic pa- 
tients during their seizures, the attempt to restrain 
persons with artificially induced fits seems unwarranted.' 

Chodoff, Langley Field, 'Va. 

Congenital Anomalies 

Familial Cerebral Degeneration with Cortical 
Atrophy. H. M. Keith, Proc. Staff Meet., Mayo 
Clin. 18:499 (Dec. 15) 1943. 

Keith performed encephalographic studies on 2 infant 
siblings. Gross encephalic abnormalities were observed; 
therefore a diagnosis of diffuse cortical atrophy with 
progressive mental retardation was ma.de for both 
infants. _ 

Guttman, Philadelphia. 


A Case of Partial Congenital Hemi-Hypertrop-,, 

A. Huse, j. Neurol., Neurosurg. & Psychiat. 7 I 
(Jan.-April) 1944. 

Huse reports the case of a feebleminded man, aged 3 
who showed enlargement of the entire left side of th , 
body, involving both osseous and muscular tissues. Tl' 
hypertrophied left side was weaker than the right. The' 
condition was associated with signs of Recklinghausen 
disease. The author concludes that two congenital 
anomalies were present and that the mental deficiency 
was either idiopathic oy secondary to the congenital. 

anomalies. 2^^ AIalamud,. Ann Arbor, :Mich. 


Cyclocephalon and Hypertrophied Structures in 
the Brain of a Child with Multiple Facial 
Malformation. Julio Aranovich, Rev. neurol. de 
Buenos Aires 8:312 (July-Sept.) 1943. 


A male child died on the seventh day of life, with 
hyperthermia. Except for congestion of the liver, spleen 
and Jungs, autopsy revealed nothing abnormal in the 
internal organs. Microcephaly, microphthalmia on the 
left side and multiple chondromas of the face were 
present. 

Macroscopic examination of the brain showed pro- 
nounced malformation of both cerebral hemispheres. 
They formed a large, single vesicular structure, with 
absence of fissuration and depressions on the lateral 
surfaces in the region of the sylvian fissure. There was 
slight indentation at the anterior extremity of this 
vesicle, at the site of the interhemispheric fissure. 

At the base there was typical arhinencephaly, with 
absence of the olfactory bulbs, nerves and tracts; there 
was only one ventricle and no corpus callosum ; a diver- 
ticulum from the roof of the third ventricle pushed the 
anterior part of the vermis posteriorly; the pyramidal 
tracts were entirely absent; the anterior part of the 
vermis and the dorsal nuclei of the thalamus were 
poorly developed; there was complete absence of thi 
optic radiations and olfactory pathways; the cerebra 
cortex was arrested in development, the stage corre 
spending to that usually seen in the second month o 
fetal life; there was complete absence of association 
commissural or projection fibers in the cerebral cortex 
the region of the cornu ammonis was the most normally 
developed part of the brain on either side, and thi 
olives, red nuclei and hypothalamic region were hj'per' 
trophied. 


The author believes that arrest of development of the 
neoencephalon permitted inordinate growth of ’paleoen- 
cephalic structures. He postulates a disturbance in cir- 
culation of the cerebrospinal fluid in the first to the 
third month of fetal life to account for the. bulge in the 
roof of the third ventricle and the arrested development 


of the cerebral cortex. 


Savitsky, New York. 


Encephalography, V pntnculography, 

Roentgenography ^ 

"Ventricular Changes After Closed Head Injur-^] 
H. Davies and M. A. Falconer, J. Neurol. I'A 
Psychiat. 6:52 (Jan.-April) 1943.. ' * 

Davies and Falconer report the results of pneumo- 
encephalographic studies in 100 cases of closed head 
injury. The cisternal route of injection was used ir 
preference to the lumbar, and only small quantities o 
air (30 to 60 cc.) were injected. The diagonal width 
of the body of the ventricle was used as a criterion of 
the size of the lateral ventricle,' a diameter of more 
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'^n 2 cm. or a difl’crciKC ot 2 mm. between tlic veil- 
jl. tics being considered abnormal. A series of 50 con* 

■ ols were studied for comparison. Ktdargement of the 
.ecntricles, either focal or generalized, unilateral or bi- 
lateral, was found in 69 of the 100 eases. The frequency 
■pf such dilatation tended to increase with the severity 
of the trauma, as measured by the duration of post- 
traumatic amnesia or the presence of blood in the cere- 
brospinal fluid. Ventricular enlargement first appeared 
within two to three weeks after injury and reached its 
maximum within a month. The dilatation, especially 
of the focal type, was less influenced by the site of the 
direction of the violence than by the ifrcscnce or absence 
of localized fracture of the ,‘:kull. There was in the 
majority of eases a close correlation between the clinical 
signs and the cnccpbalographic changes. This was 
most striking in cases with residual signs of pyramidal 
involvement on one side of the body, in which the con- 
tralateral ventricle was usually dilated. In eases of 
post-traumatic intellectual deterioration the ventricles 
were also frequently enlarged. However, post-traumatic 
syndrome, post-traumatic epilepsy, signs of primary in- 
volvement of the hypothalamus and brain stem and 
cranial nerve palsies were usually not associated with 
ventricular dilatation. Thus a normal encephalogram 
does not rule out permanent organic damage. The 
authors do not attach significance to nonfilling of the 
ventricles with air. The mechanism of ventricular dila- 
tation appears to be due to intracerebral atrophic proc- 
esses resulting either from a, focal traumatic lesion or 
from a generalized vascular disturbance rather than 
from obstruction to the cerebrospinal fluid pathways. 

Ann Arbor, Mich. 


Diseases of Skull and Vertebrae 

Injuries of the Faciai. Portion of the Skull in 
Warti.me and in Peacetime. F. Specht, Munchen. 
mcd. .Wchnschr. 89:391 (May 1) 1942. 

Specht emphasizes that the facial portion of the skull 
encloses a complex cavity which is of consideranie func- 
tional importance. The rhinologist should make the 
diagnosis and decide on the treatment. Intracranial 
complications and septic conditions may result from 
nasal infection iiiKlcr normal circumstances and even 
more frequently after injuries. Early prevention of 
adhesions and of obstruction of the accessory cavities 
is of the greatest imjiortance. Recovery in cases of 
severe osteomyelitis originating from accessory cavities 
may be obtained by radical surgical intervention. Im- 
mediate correction is more simple and less dangerous. 
Internal healing may he obtained only by rhinologic 
methods. Involvement of adjacent or of more distant 
organs should he kept in mind. Fractures of the basal 
part of the skull with aural involvement are frequent. 
There arc also less common paths of infection, such as 
the subperiostc,al abscess of the temporal bone or of the 
zygomatic arch resulting from suppuration of the middle 
ear. Whether or not the injured patient will get the 
correct treatment depends on competent organization, 
which, however, need not be of vital importance pro- 
vided the physician who is first called will consult with 
all tlic specialists concerned as soon as possible.* 

J. A. M. A. 
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CHICAGO NEUROLOGICAL SOCIETY 

Ralph E. Hamill, M.D., in tJfC Chair 
Regular Meeting, Oct. 10, 1944 

Degeneration of the Basal Ganglia Due to Chronic 
Carbon Disulfide Poisoning in Monkeys. Dr. 

Richard B. Richter. 

Four monkeys (Macaca mulatta) were repeatedly ex- 
posed to carbon disulfide vapor over periods of three 
hundred and sixty-four to seven hundred and thirty-six 
days. Acute intoxication was avoided. All the animals 
manifested signs indicative of profound cerebral damage. 
These were interpreted as chiefly extrapyramidal in 
origin. Most striking were certain motor disturbances 
common to all of the monkeys. The animals became 
progressively inactive; mimetic facial movements dis- 
appeared, and many reactions of orientation, flight and 
defense were lost. Walking and climbing became slow, 
■difficult and incoordinated, without actual paralysis. 
The head, trunk and extremities assumed postures of 
-extreme flexion with plastic rigidity. Pronounced ac- 
tion tremors appeared in all animals, and tremor of 
the resting extremities was present in 1 animal. There 
were impressive resemblances to the akinetic-rigid syn- 
drome of parkinsonism. 

Pathologically, the essential changes in ' 3 of the 
animals were massive necrobiotic lesions, symmetric on 
the two sides and confined strictly to the globus pallidus 
and the substantia nigra. These had destroyed virtually 
all the pallidum and the zona reticulata of the substantia 
nigra. In the fourth animal there were numerous scat- 
tered 'clestructive lesions in the corpus striatum and the 
pallidum, as well as in the substantia nigra. 

The pathogenesis of the lesions and their relation to 
the animals’ symptoms and to certain cases of chronic 
carbon disulfide poisoning in man were discussed. 

DISCUSSION 

Dr. Frederick Hiller: Dr. Richter is to be con- 
gratulated on this splendid experimental work. On 
seeing his instructive slides, I was reminded of what I 
described about twenty years ago as the effect of car- 
bon monoxide poisoning on the human brain. Symmetric 
necrosis of the pallidum is regarded as a typical effect 
of such poisoning. This necfosis is not limited to the 
pallidum but, among other sites in the brain, is also 
found in the substantia nigra, where the lesion is more 
or less limited to the so-called red, or reticular, zone. 
I wonder whether* Dr. Richter found this to be true in 
his experimental animals. 

The predilection of the necrosis for certain areas of 
the brain has puzzled all who have examined the brain 
in cases of this type. My associates and I were inclined 
to attribute this predilective localization to a vascular 
factor, although we did not feel quite satisfied in pro- 
nouncing specific circulatory disturbances as the ex- 
clusive basis of the pathoclisis in this condition. It is, 
of course, difficult to deduce from an advanced stage of 
necrosis whether stasis or some other circulatory failure 
has caused the cerebral lesion, which presents all the 
characteristics of tissue necrosis, with vast numbers of 
gitter cells and predominantly mesodermal repair. In 


his experiments. Dr. Richter has been in the much more 
favorable position of seeing the initial stages of this 
reaction of the brain. I should like to ask whether he 
has formed any conclusions about the nature of this type 
of encephalopathy. 

Dr. Victor E. Gonda: The gross pathologic changes 
localized almost entirely in the striatal system have 
been mentioned, as well as the minor alterations, which 
were rather widespread. May I ask whether any 
changes were seen in the cortex, especially in the so- 
called motor and premotor cortex? 

My second question is a purely theoretic one. Does 
Dr. Richter think that, under the same experimental 
conditions, higher apes would show more outward mani- 
festations of the parkinsonian syndrome than monkeys? 

Dr. George B. Hassin: The "changes so well pre- 
sented by Dr. Richter, which he classified as necrosis 
and which I should prefer to call softening, are not 
specific for carbon disulfide poisoning, for they may 
accompany poisoning with other substances, especially 
carbon monoxide. A definite diagnosis from the micro- 
scopic examination alone is thus not possible. I was 
glad to hear that Dr. Hiller is giving up his vascular 
theory of the changes associated with carbon monoxide 
poisoning, a hypothesis advocated also by Spielmeyer 
and his followers. Dr. Richter’s slides showed that the 
condition of the blood vessels, many of which- appeared 
newly formed," could not be held responsible for the 
scattered, diffuse alterations in the brain. The changes 
are most likely due to a direct action of the poison on 
the ganglion cells, glia, nerve fibers and blood vessels. 
They seem to involve the peripheral nerves. Probably 
because of lack of time, Dr. Richter did not mention 
the changes, if any, in the cortex. It seems that with 
carbon disulfide poisoning, as with any other type of 
poisoning, the entire nervous system is involved, the 
basal 'ganglia being affected more than any other 
portion. 

Dr. R. P.^Mackay: The striking feature of this 
work is undoubtedly the close resemblance between the 
pallidal degeneration in these cases of carbon disulfide 
poisoning and that, seen as a result of exposure to 
carbon monoxide. It is generally admitted that carbon 
monoxide produces its effects by inducing anoxia. If 
one places an animal under S atmospheres of oxygen, 
one may saturate the blood wdth carbon monoxide 
without damaging the brain, since sufficient oxygen is 
carried in solution ip the blood plasma for the needs 
of the animal. This being true, it behooves one to ask 
whether the changes following carbon disulfide poison- 
ing may not also be due to anoxia. 

Did Dr. Richter study the oxygen content of the 
blood in his monkeys or carry out other observations 
on the ability of the bloocj to carry oxygen? Con- 
ceivably, carbon disulfide, a fat solvent, might dissolve 
the .envelope of the red blood cell and destroy the 
hemoglobin. 

Dr. Richard B. Richter : In answer to Dr. Hiller : 
These preparations do not resemble the pathologic 
effects of experimental carbon disulfide poisoning pre- 
viously described in other species, except in 1 cat of 
Ferraro’s, in which the lenticular nucleus was reported 
to be necrotic. What they do resemble, almost exactly, 
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arc the necrotic lesions of carbon nionoNidc poisoninp 
in man. those of experimental carbon monoxide poison- 
ing in dogs and the necrotic areas described by Hurst 
in the cortex, subcortical wiiilc matter. ccrebelUim and 
basal ganglia of monkeys after rciicatcd subletlnd doses 
of potassium cyanide. Although the period of intoxica- 
tion in the animals was prolonged, the lesions them- 
selves arc relatively acute and appear to have developed 
as the cumulative effect of repeated small insults, from 
which finally the tissues could not recover. 

I do not think this material offers the answer to the 
nature or pathogensis of these, or similar, toxic de- 
generations or necroses. The completeness of the 
necrosis and the presence of proliferation and other vas- 
cular changes within the lesions themselves suggest a 
vascular origin. But there arc other considerations 
which speak strongly against such a mode of develop- 
ment. The complete .absence of va.fcular alterations, 
even of engorgement and stasis, in all other areas of 
the brain does not support the theory of either structural 
or functional vascular pathogenesis. Furthermore, it is 
inconcciv,able to me how lesions which exhibit such 
perfect symmetry as these do. and are so exquisitely 
selective for certain gr.ay structures, could depend on 
vascular changes. For instance, in the 1 animal in 
which the corpus striatum was affected, there was pro- 
nounced destruction of the small bridges of pray matter 
wliich unite the caudate nucleus and the putamcn across 
the internal capsule without the capsule itself being 
affected in the least. How a vascular lesion could be 
as selective as that is difficult to understand. The 
material appears to fit Vogt’s concept of pcncr.al 
pathoclisis — only this means very little. Whether the 
preeminent Milnerability of the globus pallidus and sub- 
stantia nigra is a vulner.ability to carbon^ disulfide as 
such or to anoxia, or whether it is concerned with 
effects on respiratory enzymes in the nerve cells is not 
known. 

It is of great interest that, just as in Dr. Hiller’s 
case of carbon monoxide poisoning with damage to the 
substantia nigra, it was the zona reticulata of tlic sub- 
stantia nigra which showed the predominant damage. 

In reply to Dr. -Hassin : Tlic brains of all these 
animals were examined in serial sections from the 
frontal to the occipital pole. In all there was some 
degree of cellular change in the cortex of the frontal 
lobes, especially in their most rostral parts. Even these 
small changes were not seen in the motor cortex or 
caudal to it. I do not believe that this relatively in- 
significant amount of neuronal damage was functionally 
significant, at least not for the motor syndrome exhibited 
by the animals. 


Toxoplasma Encephalomyelitis: A Clinical Path- 
ologic and Experimental Study. Dr. Douglas 
Buchanan and Dr. Carlos Lara-Gonzales. 

1. A clinical report was given of 8 eases of Toxo- 
plasma encephalomyelitis with chorioretinitis. 

2. A pathologic report was given of 3 cases in which 
autopsy was done. 

3. The history of recognition of this disease in man 
was reviewed. 


4. The clinical picture of this- disease in its prena 
infantile and adult forms was described. 

5. Attempts to cultivate the organism were report 
Experimentally, it was found possible to culture 
toxoplasma on the allantoic membrane of fertile h< 
eps and to pass the organism through six generatic 
it was found impossible to culture the organism on ; 
tiuly artificial medium. 


. Atleinpts were made to produce a pure culture of the 
toxoplasma from the jicritoncal exudate obtained from 
infected mice, ^^cthods of controlled .sedimentation and 
controlled cciitrifugalization were employed, hnl these 
failed. 

Alteinpl.s were also made to culture tlic organism by 
control of the />ii of the infected suspension with various 
chemical agents, hnl these attempts failed. These ex- 
periments were carried out with the hojie of producing 
a pure culture of toxoplasmas which could then he used 
in a cutaneous test for evidence of the infection in man. 

6. Stndic.s were made of the life cycle of the organ- 
ism: mice, rabbits, chickens, dnck.s and bamstens were 
used. When these animals were given intrapcritoncal 
and/or intracerebral injections of the toxoplasma, no 
evidence of the organisms in the peripheral blood was 
found at any time before the animal's death or its 
recovery. 

When the toxoplasma wa.< injected intravenously, a 
few organisms were observed in the peripheral blood 
of 4 mice just before death. In all tlic otlicr animals 
no organisms were found at any lime before the animal’s 
death or recovery. TIic peripheral blood of these ani- 
mals was examined by direct smear cver^v three liours 
until death or recovery. Although evidence of the toxo- 
plasma was found in the peripheral blood in only 4 mice, 
the organism was noted in the organs of all the animals 
after death. In addition, transmission of the disease to 
other groups of animaks was obtained with .suspensions 
of these organs. 

7. The present method of testing human scrum for 

the presence or absence of neutralizing antibodies to 
the loxoidasma was described. ' 

8. The significance of this disease in the production 
of spastic .quadriplcgia, mental retardation and convul- 
sions was pointed out. 

niscussioN 


Dr. George B. Ha.s'sin : I tiiink this form of- en- 
cephalitis was present in a newborn infant, a twin, 
who died fifteen days after birth. 1 did not have a good 
history, but I obtained tlic brain and demonstrated the 
pathologic findings before this sooicty (Acute [Epi- 
demic?] Enccpiialitis : Report of a Case in a New-Born 
Twin witli Histologic Observations, Arch. Neurol. & 
PsvcHiAT.. 18:44 [July] 1927). The usual changes 
seen witii encephalomyelitis were present; in addition, 
there were peculiar bodies, the nature of which I did 
not understand. Under the influence of the work of 
the British neuropathologist, Dc Fano, I cla.ssificd them 
as "minute bodies." Some arc single; others arc 
dumped together and are, in my opinion, identical with 
the formations described twelve years later by Wolf 
and Cowen and subsequently identified by them as 
toxoplasmas. I sent photographs of my histologic speci- 
mens to Dr. Abner Wolf and Dr. Sabin, who could not 
commit themselves without seeing the slides. Tliese ' 
I could not send, as they mysteriously disappeared 
together with the gross material. Dr. Buchanan rightly 
stated that the micro-organisms obtained in cultures and 
in experimental work differ from those seen in histologic 
specimens, and lie probably can help me in identifying 
them m my slides. I think my case was one of toxo- 
plasmic encephalitis. I was particularly interested in 
this case^ as the disease occurred in a twin, while the 
other twin and the mother remained Avell. A similar 
case in a twin was recorded by Zuelzer (Infantile Toxo- 
plasmosis, with Report of Three New Cases, Including 
Two m Which the Patients Were Identical Twins 
Aicli.,Paih. 38:1 [July] 1944). ’ 
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Dr. Peter Bassoe; Within the last three weeks I- 
have seen 2 adults with chorioretinitis close to the 
optic disk. An ophthalmologist diagnosed the condition 
as the “juxtapapillitis” described by Jensen in 1908. 

I looked up this article, and the picture was similar 
to that in the case Dr. Buchanan described. I also 
looked up other articles on Jensen’s disease, and all 
state that no satisfactory cause has been found. There 
have been guesses, but no proof, that tuberculosis, 
syphilis and other conditions are responsible. Perhaps 
the toxoplasma is the answer. 

Dr. Victor E. Gonda : I had an opportunity to study 
roentgenograms of the skulls of 2 children between the 
ages of 1 and 2 years in which extensive calcifications 
were' shown. These calcifications are considered so 
characteristic of the disease that their presence con- 
stitutes verifications of the diagnosis of toxoplasma 
encephalitis. Will Dr. Buchanan interpret these obser- 
vations? 

Dr. Douglas Buchanan : I agree with Dr. Hassin 
that the organisms in his case were toxoplasmas; those 
at 7 and 11 o’clock I could not identify. 

Of our 63 patients who had had trouble with their 
eyes and whose serum gave positive reactions for the 
toxoplasm, and, in addition,' of 11 patients who pre- 
sented the complete picture of toxoplasmosis, only 1 
showed calcifications in the skull. However, these 
were in a unique position; all appeared to be in the 
posterior part of the brain. This localization is used 
in the differential diagnosis of toxoplasmosis and tu- 
berous sclerosis. 

Causalgia: A Preliminary Report of Nine Cases 
in Which Treatment with Surgical and Chem- 
ical Interruption of the Sympathetic Pathways 
Was Successful. Captain I. 'Joshua Sfeigel 
and Captain Jack L. Milowsky, Medical Corps, 
Army of the United States. 

From an analysis of the clinical picture and of the 
results following treatment of 9 patients with causalgia 
observed by the authors in an unselected series of 275 
men with peripheral nerve injuries, the following con- 
clusions were drawn: 

1. The syndrome followed injury to all or any of 
the major nerves of the upper extremity. In spite of 
numerous injuries to the veins of the lower extremity, 
only 1 case of causalgia involving the leg occurred. 

2. Injury to a blood vessel frequently accompanies 
nerve injuries in cases of causalgia but is not a neces- 
sary concomitant of nerve injury in the production of 
pain. 

3. The most constant symptom of causalgia is hot, 
burning pain, aggravated by movement and friction. 

4. The most constant finding is shiny, cold, profusely 
' perspiring and frequently cracked skin in the extremity 

involved, with hyperesthesia occurring in most cases. 
Roentgenographic evidence of decalcification of the in- 
volved extremity is frequently seen. 

5. The pain does not appear to be due to continuous 
irritation by a scar or a foreign body. , 

6. The degree arid quality of pain are in no way com- 
mensurate with the type and extent of injury. 

7. The area of sensory deficit does not delineate the 
area of pain, but the two frequently shade into each 
other. 

S. Personality disorders and hysteria are the result 
rather than the cause of causalgia. 


9. Neurolysis is not a useful procedure in the treat- 
ment of causalgia per se, although it may be necessary 
in treatment of the specific nerve deficit. 

10. It is injudicipus to subject the patient to a series 
of operations ranging through neurolysis, nerve section 
and periarterial sympathectomy before attempting chem- 
ical and surgical interruption of the sympathetic path- 
ways. 

11. Interruption of the sympathetic pathway, tem- 
porarily, by sympathetic block, or permanently, by sur- 
gical sympathectomy, is a highly dependable form of 
treatment for causalgia. In case of the upper extremity, 
it is not necessary to remove the stellate ganglion for 
effective control of the pain. 

12. Sympathectomy should not be performed until a 
series of diagnostic sympathetic blocks has proved the 
efficacy of interruption of the sympathetic pathway. 

13. Occasionally the pain of causalgia can be more or 
less permanently controlled by sy^mpatbetic block with 
local anesthesia when sympathectomy, for other reasons, 
is not feasible. Alcohol block, in selected cases, is a 
useful procedure. 

It is concluded, therefore, that sympathetic block by 
chemical or surgical means is -a highly satisfactory 
method of treatment for causalgia and should occupy a 
prominent position in the therapeutic procedures of those 
whose function it is to treat this complaint. 

discussion 

Dr. Geza de Takats : I congratulate Dr. Spiegel on 
this series. A few points should be emphasized. One 
should never consider doing a sympathetic ganglionec- 
tomy unless a sympathetic block is successful. A certain 
group of patients responds favorably. When the patient 
is seen early, sympathectomy, repeated sympathetic 
blocks combined with physical therapy or preganglionic 
sympathectomy is effective. But a time element militates 
again§t this procedure. Most of the patients seen after 
industrial accidents come years later, having consulted in- 
dustrial surgeons, orthopedic surgeons, neurologists and 
so on. By the time they get to some one who can take 
care of them, they have been in splints for intractable pain ; 
they have an addiction to morphine, and a syndrome has 
developed in which the continuous pain has stamped a 
pattern on the cortex. Interruption of peripheral nerves 
does not help this syndrome; and, while sympathetic 
block and sympathectomy are of yalue in the early 
stages, there comes a time, as Dr. Speigel has mentioned, 
when such treatment is not effective. 

The second point is that there is a difference between 
the “hysterical hand’’ and the causalgic hand. The 
“hysterical hand’’ never shows any vasodilatation; if 
anything, it is cool, whereas the causalgic hand shows 
vasodilatation, which is certainly due to secretion of 
painful substances at the nerve endings. Why does 
sympathetic block or sympathectomy help when, obvi- 
ously, the sympathetic nervous system has not been 
injured? Further work is necessary on this point. 

This paper is stimulating, and I hope it will make 
every one feel the importance of treating these patients 
early. 

Dr. I. Joshua Speigel: I wish to thank Dr. de Takats 
for his discussion. I should like, also, to reiterate one 
point'. One should never think of performing a, surgical 
sj'mpathectomy without a repeated series of chemical 
blocks to determine whether or not it will be efficacious. 
I might add that chordotomy in cases of severe causalgia 
has not always been attended by relief of pain. Cer- 
tainly, it is dangerous to try such a procedure in a 
case in which the cortical pattern of pain has already 
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been implanted. Of cour.se \vc were fortunate. Our 
patients were young, atid all the injuries were compara- 
' tively recent. The patients with long-standing causalgia, 
who have been permitted to stay in casts because of 
pain, arc exceedingly difficult to treat. It is precisely 
for this reason that this paper is presented — to point 
out that direct chemical or surgical attack on the 
sympathetic nerve chain should be instituted early if 
a complete remission of symptoms is to be obtained. 


BOSTON SOCIETY OF . PSYCHIATRY 
AND NEUROLOGY 

Paul I. YAKOvr.r.v, !M.D., Presiding 
Regular 'Mcciing, Oct. J9. 1944 

• Mental Deficiency as a Community Problem. Dr. 

1 Ransom A. Greene. Waltham, Afass. 

Close to 2 per cent of the total population falls within 
the limits of the definition of mental deficiency. Thus, 
in Massachusetts there must be about 100,000 people who 
f are feebleminded. Of these, only about 10,000 are 
registered with the state and other public agencies and 
are known as feebleminded. Some 90,000, therefore, 
remain outside the official record. They represent a 
largely negative factor in the economic and political 
structure of the community. Of persons recorded as 
■ feebleminded, only about 5,000, or approximately 5 per 
cent of a total feebleminded population of the state, are 
in the institutions for the mentally defective. The 
Walter E, Fernald State School provides for 2,00Q of 
them. There are between 5,000 and 6,000 persons who 
[ are recorded as feebleminded and should be in institu- 
tions but who remain in the community, in the care of 
their families and various social agencies. Some mental 
deficiency is preventable. The prevention is largely a 
matter of medical research in the field of mental de- 
ficiency, In a large proportion of cases idiocy and 
imbecility are due to preventable factors, such as pre- 
natal hazards to maternal health, birth injuries, infec- 
tions, nutritional deficiency and diseases of the brain 
in infancy and early childhood. To a considerable ex- 
tent, moronity, inherited through defective germ plasm, 
is perhaps also preventable by eugenic measures. Yet 
feeblemindedness will still be produced by the unpre- 
dictable, and therefore nonpreventable, vagaries of 
transmission in the germ plasm of latent hereditary 
traits from apparently healthy and well endowed parents 
to some of their less fortunate offspring; and there will 
also always be persons who become disqualified for 
normal living and fall from borderline normal intelli- 
gence to the moron level as a result of the ever increas- 
ing dependence of modern man’s social adjustment on 
his intelligence. 

DISCUSSION 

Dr. William G. Lennox; The other day I read an 
article by Prof. L. H. Snyder, of Ohio, who has done a 
great deal of work on heredity. His experiments have 
shown that when the blood of one parent is negative for 
the Rh factor and that of the other is positive, feeble- 
mindedness occurs in the children with unusual fre- 
quency. This factor contributes to clotting of the blood 
and causes damage to the brain. I wonder whether 
Dr. Greene has any information on this point. 

Dr. Bronson Crothers ; I should like to ask Dr, 
Greene what is his borderline between psychosis and 
feeblemindedness. I want to find an administrative 


criterion for the selection of children who can be 
handled in this school and those who cannot be handled 
in any institution for the feebleminded. 

Dr. Ranson a. Greene, Waltham, Mass. : While 
heredity is a strong factor in mental deficiency, en- 
vironment is also important. I know from available 
figures that in 1900 the average span of life in the 
United States was 49 years. In 1944, according to 
figures of insurance companies and to the statistics of 
the United States Bureau of the Census, the average 
span of life was almost 72 years. .This means not only 
that the life span of healthy and well endowed people 
is increased, but that many who are potentially or 
actually feebleminded at birth are being salvaged. I 
wonder whether this does not mean that there is being 
salvaged a group of persons who will have to be cared 
for in an institution or carried around on a pillow just 
because they are alive. This group is increasing. The 
obstetricians and the pediatricians may be responsible 
in a measure for some of this. I think they should 
take into account certain factors that they have not 
considered seriously. I believe thal; a great deal of 
preventable mental deficiency results from environmental 
factors and that when more is learned about the causa- 
tion of mental deficiency, it will be found that the most 
important factors' arc environmental, rather than heredi- 
tary. 

In reply to Dr. Lennox’ question about the Rh fac- 
tor: I have read quite a bit on the subject, but I do 
not know much about it personally. I think it is a 
matter for research, which will lead somewhere in 
differentiation of what are hereditary and wffiat are 
environmental influences. Many conditions probably in- 
volve both'. 

Dr, Crothers’ question was pertinent and difficult. 
There is only one way I can answer it. This institu- 
tion, which ’in three years will be 100 years old, was 
built and intended primarily for the care of the feeble- 
minded, to educate them to the capacity of their in- 
telligence. That is what it has always attempted to 
do. But as years have gone by, more and more appli- 
cations are received for admission of children who are 
not capable of any measure of elementary scholastic or 
occupational training because their mental deficiency, 
obvious as it may be, is associated with a gross dis- 
order in the development of their behavior pattern. The 
mental deficiency of these children is wholly a secondary 
problem. The major problem is the pattern of their 
behavior. Because of this, not only are they incapable 
of any measure of elementary scholastic and occupational 
training in a school for the feebleminded, but their 
presence in the group of trainable feebleminded children * 
destroys the very purpose for which the school is pri- 
marily intended. Either this institution trains the feeble- 
minded, or it cares for psychotic children who happen 
to be feebleminded as well, or who become deteriorated, 
i. e., demented. The latter task cannot be carried out 
on the plane of training for which the school was built. 
It is the task of a psychiatric hospital for children. 
There are feebleminded children who are also psychotic. 
They are noisy and destructive and will have to be 
cared for as long as they live, A certain number of 
morons as they grow older have dementia precox, or 
they had the disease primarily. They are not suitable 
for admission to an institution that cares for feeble- 
minded children and expects to send at least some back 
to their homes or communities. One cannot send a 
psychotic and feebleminded child back to the community. 
Some of these psychotic children may be recognized 
as such in early childhood. There are no provisions for 


450 


ARCHIVES OF NEUROLOGY AND 


PSYCHIATRY 


their care at this school. They must go to a psychiatric 
hospital. There is no place in Alassachusetts where a 
child with a psychosis can be cared for. I have begged 
for years for such an institution. Attempts have been 
made to care for them in some mental disease hospitals, 
but that does not woi‘k. Having been the superintendent 
of a psychiatric hospital myself, I know that it cannot 
be done. There should be a special place for the care of 
psychotic children. 

Clinical Aspects o£ So-Called Mongolian Imbe- 
cility. Dr. Clemens E. Benda, Wrentham, Mass. 

Among the various types of mental deficiency, mon- 
golism is outstanding, for two main reasons : It is not 
due to hereditary factors and may therefore occur po- 
tentially in normal families ; and, second, mongolism 
furnishes one of the most interesting illustrations of 
the way in which normal development can be influenced 
by abnormal environmental factors during the period of 
gestation. 

In a recent study at the Boston Lying-in Hospital, 
Dr. Berkeley Beidleman found that a diagnosis of mon- 
golism has been made in 42 cases since 1930, a 'figure 
which represents an average of 3.4 per cent of the births 
at that hospital for that period. Earlier, estintates showed 
that mongolism occurs in at least 2 per cent of the 
births in the population, an incidence which certainly 
deserves the attention of members of the medical pro- 
fession. 

A study of the growth disorder after birth indicates 
that the child with mongolism lacks normal function 
of those glands which guarantee normal growth and 
maturation. There is evidence of hypofunction of the 
thyroid and the gonads and, to a minor degree, of the 
adrenal corte.x. The pathologic changes suggest lack 
of thyotropic, gonadotropic and adrenocorticotropic hor- 
mones ; this leads ' to the conclusion that the pituitary 
gland, which regulates these functions, is essentially at 
fault. From a study of the pituitary glands of more than 
40 patients with mongolism evidence has accumulated 
that the pituitary of children with this condition is ab- 
normal in many ways. It is' beyond the scope of this 
presentation to discuss the abnormality of the pituitary 
in more detail. 

It is evident, however, that the mongolian imbecile is 
born with mongolism and that the dysfunction of the 
pituitary is only part of ’the general developmental de- 
ficiency. The abnormality of the heart, so frequent in 
cases of mongolism; the pathologic changes in the vas- 
cular system ; the abnormal lines in the hands, and 
many other factors indicate that the fetus was exposed 
to noxious factors during many months of the period 
of gestation and that the abnormality of pregnancy 
started soon after the impregnation of the ovum. The 
pathologic changes indicate a hormonal deficiency of 
the mother during pregnancy. 

Studies were made on 250 mothers of children with 
mongolism, a number which has now been increased 
to moi-e than 300, and the results checked by Dr. 
Beidleman, in his observations on the material of the 
Boston Lying-in Hospital. The results indicate that 
the mothers of these children were not 'in proper con- 
dition for pregnancy when they carried the child who 
proved to be a mongolian imbecile. Bleedings, abor- 
tions, prematurity and other factors indicate that mon- 
golism occurs on a threshold of hormonal sterility. It 
is suggested that either the function of the corpus luteum 
or that of the pituitary is at fault during the specific 
pregnancy. A study of the factors producing the de- 
ficiency indicates that physiologic factors, such as age. 


or several pathologic conditions, such as illness, exhaus- 
tion and immaturity, may produce the temporary thresh- 
hold of sterility. 

DISCUSSION 

Dr. Bronson Crothers: Dr. Benda suggested that 
attempted abortion might produce mongolism. How 
early in the course of pregnancy would this have to 
occur? It seems to me that mongolian imbeciles are 
much alike. 

Dr. Augustus Rose; By the threshold of sterility 
does Dr. Benda mean a physiologig or a pathologic con- 
dition of the mother? 

Dr. D. Denny-Brown: It is remarkable that the' 
mongolian imbecile preserves a juvenile appearance, 
and thus differs notably from a child with progeria. If 
pituitary insufficiency is responsible for progeria, the 
thickness of the eyelids and the absence of wrinkling 
of the skin in mongolism would require additional 
explanation. 

Dr. Bronson Crothers : On the theory that mon- 
golism is an endocrine disorder, has Dr. Benda any 
explanation of such defects as congenital heart disease 
and congenital cataract? 

Dr. William O. Lennox; Does a woman ever have 
two mongoloid children? Doe's endocrine therapy offer 
any hope? 

Dr. Clemens E. Benda, Wrentham, Mass.; In 
answer to Dr. Crothers’ question about the time at 
.which an abortion, or an attempted abortion, must 
occur to produce mongolism : My material includes 
several instances in which the child with mongolism was 
in the middle of a series of normal siblings. These 
cases appeared entirely unexplained. When I inquired 
into the circumstances of the pregnancy, several mothers 
told me confidentially that when they missed their first 
menstrual period, they took pills obtained from' a drug- 
store to induce menstruation. 

Another point worth noting is that in other cases of 
mongolism menstruation continued during the first three 
months of pregnancy, an indication that something was 
wrong with the mechanism of pregnancy. In a third 
group of cases a history of threatened abortion in the 
third month was given. 

In regard to Dr. Crothers’ question about congenital 
heart disease and congenital cataract : My theory is that 
all such deficiencies indicate a pathologic period of gesta- 
tion. I think that the infantile development of the 
heart and vascular system of mongolian idiots is an 
indication of a general growth deficiency in fetal life. 
More recent research on cataract has produced evidence 
that congenital cataract is associated with various endo- 
crine disorders of the mother or with infectious diseases 
during pregnancy. 

Dr. Rose asked about the pathologic condition of the 
mother in relation to the threshold of sterility. My 
observations indicate that many mothers have difficulty 
in becoming pregnant, in spite of a desire to have chil- 
dren. Sometimes they have tried from five to ten years 
to have a child; and when they finally succeeded, the 
child .was a mongolian imbecile. This has led me to 
suspect a hormonal deficiency of the mother, wdiich may 
be related to inadequate function of the corpus luteum. 

As to the offspring of persons with mongolism, there 
is no report in the literature which provides indubitable 
evidence that a woman with mongolism has borne a 
child. The only such report comes from an English 
source, but it is not accompanied with pictures and there 
is no proof that the woman under consideration really 
had mongolism. There are a number of people of East 
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European stock who have mongolian characteristics, 
and a feebleminded woman with' these characteristics 
might easily be thought to have mongolism. I studied 
more than a dozen ovaries of women with mongolism, 
and in no case was there evidence of mature graafian 
follicles. 

In answer to Dr. Denny-Brown’s question about the 
relationship of mongolism and progeria ; I am not able 
to give any facts. I have seen several cases in which 
premature aging was recognizable iti young adults as 
a s 3 '’mpi:om of progressive deterioration ; but I have 
seen only 1 case of true progeria, and I am not familiar 
with the details of the endocrine disturbance in that case. 

In answer to Dr. Lennox, \v(t have seen a few cases 
of 2 and 1 case of 3 mongolian imbeciles in one family. 
Such an occurrence is rare, however, and I should not 
hesitate to encourage a mother, if she is j'oung enough, 
to have another child after having borne a mongolian 
imbecile. ■ 

Achondroplasia of Parrot and Marie and Familial 
Osteochondrodystrophy of Morquio: Demon- 
stration of Patients. Dr. Lawrence Bowser, 
Waltham, Mass. 

Three patients \vith the typical achondroplasia of 
Parrot (1872) and a sister and brother with familial 
osteochondrodystrophy, described by Morquio (1929), 
were presented and compared. The cases of the sister 
and brother w'ere reported by Drs. Farrell, Maloney 
and Yakovlev (Morquio’s Disease Associated with 
Mental Defect, Arch. Neurol. & Psychiat. 48:456. 
[Sept.] 1942). Familial osteochondrodystrophj’' has 
often been mistaken for achondroplasia; yet on com- 
parison of these tw'o types of dwarfism due to disorders 
of osteogenesis, the difference is striking. Aside from 
the fact that osteochondrodystrophy is a familial disease, 
several siblings being affected, although others in the 
same family may be normal, the skeletal abnormalities 
in this condition are of a different type and distribution 
than those seen in achondroplasia. In the latter con- 
dition the dw'arfism is due to premature ossification of 
the epiphysial cartilages of the long bones of the ex- 
tremities, w'hile the vertebral column and the axial 
skeleton show fairly normal growth and development. 
Thus, the trunk is long; and except for exaggerated 
sacrolumbar lordosis, the vertebral column is abnormally 
erect. The back of the patient is usually flat. In achon- 
droplasia the dwarfism is chiefly appendicular. The 
long bones of the proximal segments of the extremities 
—humerus and femur — are conspicuously shortened. 
The condition is evident at birth and is even recog- 
nizable in the fetus. It w^as knowm to obstetricians long 
before it was differentiated as a clinical entity in the 
adult. 


Familial osteochondrodystrophy is not evident at birth. 
The condition apparently reveals itself at the end of 
the first year of life, progressing during early childhood 
and then becoming fixed. The axial skeleton is pre- 
dominantly affected. The dwarfism is 'due chiefly to 
the stunting of grow'th and the deformation of the ver- 
tebral column, thorax and pelvis. The large proximal 
joints — iliofemoral and scapulohumeral — show a want 
of osteogenesis associated with an actual destructive 
process in the cartilage and bone. The roentgenograms 
reveal a characteristic picture, especially in the pelvis, 
which is usually narrow; the acetabulum is small and 
shallow, and the head of the femur is small and often 
eroded. Usually a subluxation of the joint is present 
bilaterally. The gait of the patients is greatly impeded 
thereby and is highly characteristic. The outstanding 
features are the shortness of the trunk and, especially, 
of the neck; thus, the head appears sunken between 
the shoulders, the chin resting on the sternum. The 
dorsal kyphoscoliosis, the forward protrusion of the 
sternum and the collapse of the thoracic cage are char- 
acteristic. 

Mental deficiency is frequent in cases of achondro- 
plasia. In fact, it appears that most persons affected 
are below' par mentally. In cases of Morquio’s disease 
thus far reported the mental deficiency does not figure 
prominently in the clinical picture. It is likely, how- 
ever, that as physicians becorhe more familiar with this 
form* of familial dystrophy, the mental defect wdll be 
more frequently recognized in these patients. 

DISCUSSION 

. Dr. Rudolph Neustadt: Three and one-half years 
ago I examined the urine of these 2 patients with 
Morquio’s disease. Edw'ard’s showed complete lack of 
androgens, while Josephine, at that time 18, had an 
insufficient amount of androgens but a normal amount 
of estrogens. I am curious to know whether she 
menstruates. 

Dr. Paul I. Yakovlev, Waltham, Mass.: Yes, she 
does. Apparently, neither she nor her brother show 
any gross hormonal disturbances except that both are 
retarded in sexual maturation. Both, however, have a 
low calcium content of the blood. In this, again, they 
differ from achondroplastic dw'arfs. 

Dr. Clemens E. Benda, Wrentham, Mass: Is 
Morquio’s disease a true malformation? 

Dr. Paul I. Yakovlev, Waltham, Mass.: Nothing 
is knowm of the pathogenesis of this condition, and so 
the question remains open. There is obviously a familial 
metabolic disorder, with gross skeletal malformation. 
Morquio suspected that a neuroregulatory mechanism 
was involved. 


Book Reviews 


The Doctor’s Job. By Carl Binger, M.D. Price §3. 

Pp. 423. New York: W. W. Norton & Company, 

Inc., 1945. 

“The Doctor’s Job” was written primarily for the 
laity. It represents an attempt to familiarize them 
with some of the philosophy of the practice of medi- 
cine in the past and at present. As such, it lets 
some skeletons out of the closet for ventilation. Physi- 
cians no longer are represented as God-like, magical 
creatures with encyclopedic knowledge of all things. 
Medical ethics, the matter of fees, the problem of the 
choice of a physician, the advantages and limitations 
of the family doctor and the role of the specialist are 
discussed. 

Dr. Binger does not believe that magic need be 
invoked in an intelligent physician-patient relationship. 
The importance of the transference situation is touched 
on, and the appeal is for more awareness along these 
lines and less hocus-pocus. 

A review which appeared in the New York Times 
a short while ago stated that the book should have 
been called “The Psychiatrist’s Job.” It is true that 
the book emphasizes the psychiatric implications o'f all 
illness. It also presents in some detail the psycho- 
somatic viewpoint, particularly in discussion of peptic 
ulcer, asthma, hj'pertension, tuberculosis, etc. The re- 
lationship of personality constellation to disease is made 
relatively simple while remaining good psychiatry. 

Dr. Binger is interested, too, in the economic aspects 
of medical care. Office, hospital and clinic practice 
are discussed in this frame of reference, and a chapter 
is devoted to socialized medicine. In general, the views 
expressed are liberal, yet cautious. 

The book has an honest, down-to-earth quality and 
a fine touch of humor. The psychiatrically trained 
person will probably learn little from it; the student 
and general practitioner may learn a great deal, but 
the book’s big contribution is that it should make for 
a better informed laity, with a healthier conception of 
the role of their physicians and with some insight into 
the emotional component of disease. 

Peripheral Nerve Injuries; Principles of Diag- 
nosis, By Webb Haymaker, Major, Medical Corps, 
Army of the United States, and Barnes Woodhall, 
Lieutenant Colonel, Medical Corps, Army of the 
United States. Pp. 227, with 225 illustrations. Phila- 
delphia : W. B. Saunders Company, 1945. 

War is the time for all good surgeons to come to the 
aid of the peripheral nerves. Haymaker and Woodhall, 
in this superbly illustrated small volume, have done a 
notable service to the surgeon, revising the concepts 
laid down in the older textbooks of anatomy and sur-* 
gery and getting away from the static concept that has 
long been attached to the nervous system. The great 
collections of cases, clinical records, pathologic tissues 
and photographs that have been accumulated at the 
Army Institute of Pathol ogj' serve as the basis for the 
book. Some of the best medical artists in the country 
have illustrated the text with really lifelike pen and ink 
drawings. Photographs are abundant. 

Section I is devoted to analysis of the segmental and 

peripheral nerve supply of skin, muscles and skeleton; 


section II deals with the examination of the peripher? 
nervous system, and section III discusses injuries 
plexuses and peripheral nerves. A fourth section wouh 
be desirable but probably cannot - be written for yean 
to come. Such a section would deal with restitutio: 
and end results of treatment, with serial photograph: 
illustrating the steps 'of recovery.- 

The authors have kept their book small in size bu 
large in compass. There are no “case reports,” witl 
their irrelevancies and the usual padding. The style i 
terse, and the illustrations really illustrate. 

The Shaping of Psychiatry by War. By Johi 
Rawlings Rees, M.D. Price, §2.75. Pp. 158. Nev 
York: W. W. Norton & Company, Inc., 1945. 

Brigadier John Rawlings Rees, consulting psychiatris 
to the British army and medical director of the Tavi 
stock Clinic, London, delivered this material as thi 
Thomas W. Salmon Lectures. He divides his materia 
under four chapter headings, entitled “The Frontier: 
Extend,” “Opportunities Emerge,” “The Way Ahead’ 
and “The Tasks of Psychiatry.” 

Interest in psychiatry was stimulated as a result o 
World War I, but certainly it has matured more as ! 
result of present war experience than it could have dom 
in years of peace. The author considers the problem: 
of aptitude tests, selection of officer candidates and th( 
study of character stability, personality and leadership 
The importance of problems of morale is stressed. 

Brigadier Rees emphasizes that psychiatrists, as i 
result of their war and civilian experience, “have some 
thing of value to say in almost every major problem o 
society — in the planning and maintenance of peace, ii 
the management of nations and in other questions o 
this magnitude and importance.” 

In a short appendix, the author outlines the tasks o 
both military and civilian psychiatry as he envisage: 
the opportunities and responsibilities that lie ahead. 

The volume is an illuminating document, full of ii,’ 
portant data concerning military psychiatric problei .jj 
It is highly recommended. 


News and Comment 


BOSTON SOCIETY OF PSYCHIATRY 
AND .neurology 

At the meeting of the society on May 25, 1944, Pau 
I. Yakovlev, M.D., president, a symposium was held. or 
the humoral conduction of nerve impulses, and the fol- 
lowing papers were read: “Clinical Aspects of Myas- 
thenia Gravis,” Henry R. Viets, M.D. ; “‘Electromyo- 
graphic and Ergographic Studies in Myasthenia Gravis,’ 
Mary A. B. Brazier, Ph.D., and “Physiological, anc 
Pharmacological Aspects of Neuromuscular Diseases,’ 
George H. Acheson, M.D. 

Abstracts of the papers with discussions were pub- 
lished in the December 1944 issue of the Journal o; 
Nervous and Mental Diseases, pages 613 to 621. 
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Tlie asterisk (*) proccdlnK the page iiumher huh' 
cates an original article in the Archives. Subject 
entries are made for all articles. Author entries 
are made for original articles and society trans- 
actions. Book Reviews, Obituaries and Society 
Transactions are Indexed under these headings In 
their alphabellcal order under the letters B, O and 
S, respectively. 

Abnormalities and Deformities : See Hypertrophy ; 
Monsters; and under names of diseases, organs 
and regions, as Brain, abnormalities; Face, 
abnormalities ; etc. 

Abscess; See under names of organs and regions, 
as Brain, abscess; etc. 

Accidents; See Trauma 

Achondroplasia of Parrot and Marie and familial 
osteochondrodystrophy of ^lorqulo ; dcmonstra' 
lion of patients, 451 

Acid, Barbituric; See under Barbital and Barbital 
Derivatives 

Activity, relation of area 13 on orbital surfaces 
of frontal lobes to hyperactivity and hyperphagla 
in monkeys, 74 

Adipose Tissue ; See Lipoma 

Adler, A. ; Mental symptoms following head Injury ;. 

statistical analysis of 200 cases, *34 
Adolescence, skull defect and herniation of cerebrum 
with absence of dura following head injury in, 
*307 

Adrenalectomy : See under Adrenals 
Adrenals, adrenal cortical function independent of 
direct nervous action ; neurologic study of normal, 
denervated and transplanted adrenal glands of 
albino rats, 442 

biochemical component of manic-depressive psy- 
chosis, 156 

hemorrhage; fulminating menlngococclc Infection 
(Waterhouse-Friderichsen syhdrome) , 321 
hemorrhage ; Waterhouse-Friderichsen syndrome, 
387 

influence of gonads and adrenal glands on chemical 
composition of brain, 248 

Adson, A. W. : Lipoma of brain ; report of cases, 
*299 

Aeronautics : See Aviation and Aviators 
Age, electroencephalographlc evaluation of primary 
behavior disorders in children ; correlations with 
. age, sex, family history and antecedent Illness 
or injury, *138 
Old: See Old Age 
Ageusia ; See Taste 
Agnosia ; See Perception 

Air, Pressure; See also Aviation and Aviators 
pressure ; problems of fatigue as illustrated by 
experiences in decompression chamber, 317 
Akinesia ; See Movements 
Ala Nasi ; See Nose 
Albumin; See Cerebrospinal Fluid 
Alcohol, Addiction : See Alcoholism 
Therapy: See Angina Pectoris 
Alcoholism : See also Delirium tremens 
chronic ; conditioned aversion treatment ; prelim- 
inary report, 85 

delirium ; electroencephalographlc changes asso- 
ciated with acute alcoholic intoxication, *44 
results of hospital treatment of, 389 
Allergy : See Anaphylaxis and Allergy 
Alopecia areata ; anxiety ; neurofibromatosis ; auric- 
ular fibrillation, 320 

Alpers, B. J. ; Histopathology of cerebral aneu- 
rysms, 249 

Altitude: See Air, pressure 
Amaurosis : See Blindness • 

Amblyopia ; See Blindness 

Amentia : See Feeblemindedness ; Insanity ; Mental 
Diseases ; etc. 

Amphetamine ; effect of sodium amytal and ampheta- 
mine sulfate on mental set in schizophrenia, *365 
Therapy : See Dementia Precox ; etc. 

Amputation, methods of initiating limb regeneration 
in adult Anura, 315 

treatment of painful phantom limb by removal of 
postcentral cortex, 390 
Analgesia ; See Anesthesia ; Pain 


Anaphylaxis and Allergy, neurologic complications 
of scrum and vaccine therapy, 389 
Anastomosis : See Nerves, facial 
Androgens, excessive, In female, 159 

Influence of gonads and adrenal glands on chemical 
composition of brain, 248 
Anemia, Cerebral: See Brain, blood supply 
Anesthesia, causalgla ; preliminary report of 9 cases 
in which treatment with surgical and chemical 
interruption of sympathetic pathways was' suc- 
cessful, 448 

cranial nerve palsies with herpes following gen- 
eral anesthesia, 389 

sodium amytal narcosis in treatment of operational 
f.atlguc in combat aircrews, 239 
Anesthetics : See Anesthesia 
Aneurysm, cerebral, histopathology of, 249 
Angina Pectoris, radiographic control for para- 
vertebral injection of alcohol In, 77 
Angioma, atypical Llndau’s disease, 155 

hemangioblastoma of medulla (Llndau’s disease), 
442 

Angrist, A.; Subdural suppuration originating in 
purulent leptomeningitis,- *144 
Anomalies ; See under names of organs and regions 
Anxiety: See also Neuroses and Psychoneuroses 
anxiety ; alopecia areata ; neurofibromatosis ; 

auricular fibrillation, .320 
mental symptoms following head injury ; statistical 
analysis of 200 cases, *34 
Aorta, .coarctation with spontaneous subarachnoid 
hemorrhage; report of case with recovery, 391 
Aphasia ; reeducation of aphaslc patient, 394 
Apoplexy ; See Brain, hemorrhage 
Appel, IC. E. : Present day trends in psychiatry, 160 
Arachnoid, inflammation ; traumatic spinal arach- 
noiditis; report of 2 cases, 157 
Arachnoiditis: Spe Arachnoid, Inflammation 
Argyll Robertson Pupils: See under Pupils 
Arleff, A. J. : 'Treatment of convulsive state at 
Illinois Security Hospital, 395 " 

Arietl, S. : Primitive habits apd perceptual altera- 
tions in terminal stage of schizophrenia, *378 
Armed Forces Personnel ; See Aviation and Aviators ; 

Military Medicine ; Naval Medicine ; etc. 

Arms ; See also Extremities ; etc. 
blood supply of nerves of upper limb in man, *91 
pain referred to face, neck, upper extremity arid 
chest due to lesions in ear, 158 
Arrhythniia ; anxiety ; alopecia areata ; neurofibro- 
matosis ; auricular fibrillation, 320 . 

Arteries : See also Aneurysm ; Aorta ; Blood ; Em- 
bolism ; Periarteritis ; Thrombosis ; Vasomotor 
System ; etc. 

Cerebral : See Brain, blood supply 
costoclavicular compression of subclavian artery 
and vein; relation to scalenus anticus syndrome, 
239 

experimental studies on headache ; transient thick- 
ening of walls of cranial arteries in relation to 
certain phenomena of migraine headache and 
action of ergotamine tartrate on thickened 
vessels, *329 

inflammation ; temporal arteritis ; local manifesta- 
tion- of systemic disease, 440 
Retinal ; See Retina, blood supply 
Arteritis : See Arteries, ' inflammation ; Periarteritis 
Artificial Fever Therapy; See Dementia Paralytica 
Ashby, M. C. : Electroencephalographlc evaluation 
of primary behavior disorders in children; cor- 
relations with age, sex, family history and 
antecedent illness or injury, *138 
Asphyxia, alterations in brain structure after 
asphyxiation at birth; experimental study in 
guinea pig, 154 

Asthenia, neurocirculatory ; cardiac neurosis as mani- 
festation of hypoglycemia, 320 
Atopy: See Anaphylaxis and- Allergy 
Atrophy : See under names 'of organs and regions' 
as Brain, atrophy; Face; etc. 

Attention, effects of sodium amytal and amphetamine 
sulfate, on mental set In schizophrenia, *305 
Auricular Fibrillation; See Arrhythmia 
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Aviation and Aviators : See also Air, pressure 
neurotic reactions in parachutists, 318 
sodium amytal narcosis, in treatment of opera- 
tional' fatigue in combat aircrews, 239 
Avitaminoses : See under Vitamins 
Axons: See Neurons 


Babinski Sign : See Reflex 
Bacteria : See Meningococci ; etc. 

Bacteroldes Infections of central nervous system, 441 
Bailey, P. ; Effects of implantation of mclhyl- 
cholanthrene in brain. of dog, 395 
Effects of lesions of periaqueductal gray matter In 
cats and monkeys. 325 

Bakes, F. P. : Reeducation of aphasic patient, 394 
Baldness : See Alopecia 

Barbital and Barbital Derivatives, action of barbi- 
turates on cerebral cortex; clectrocncephalo- 
■graphlc studies, *51 

picrotoxin treatment of barbiturate poisoning, 158 
Barbiturates : See Barbital and Barbital Derivatives 
Barrfi-Guillain Syndrome : See Nerves, roots 
Barrera, S. B. : Sequelae and complications of 
coar{i}siTe shock therapy, S2 
Beaton, L. E. : Hypertliermla following Injury of 
preoptlc region; report of case. *150 
Behavior, effects of lesions of periaqueductal gray 
matter in cats and monkeys, 325 
electroencephalograplilc evaluation of primary be- 
havior disorders in children ; correlations with 
age, sex, family history and antecedent Illness 
or Injury, *138 

psychomotillty in beliavlor disorders as seen In 
handwriting of children, 439 
Benda, C. E. : Clinical aspects of so-called mongo- 
llan imbecility, 450 

Bender, M. B. : Phenomenon of visual extinction in 
homonymous fields and psychologic principles 
Involved, *29 

Synkinetlc pupillary plienomena and Argyll Robert- 
son pupil, *418 

Visual disturbances produced by bilateral lesions 
of occipital lobes with central scotomas, *1C5 
Bennett, A. B. : Meningioma obstructing foramen 
magnum, *131 

Benzedrine : See Amphetamine 
Berger Rhythm; See Bralh, electroencephalography 
Beverages, Alcoholic : See Alcohqllsm 
Blindness ; See also Vision 
amblyopia in hysteria, 77 
denial by patients with cerebral disease, *407 
Word Blindness: See Aphasia 
Blood, bromine content in mental diseases ; dementia 
precox, *305 

Circulation ; See Arteries ; Heart ; Vasomotor 
System ; Veins ; etc. 

Diseases : See Hemopoietic System 
electroencephalograplilc findings in cases of 
bromide intoxication, *431 
nonprotein nitrogen and protein concentrations of 
serum and spinal fluid in shock, 153 
sugar ; cardiac neurosis [neurocirculatory asthenia] 
as manifestation of liypoglycemla, 320 
supply of nerves of upper limb In man, *91 
Vessels ; See Arteries ; Vasomotor Sj'stem ; Veins ; 
etc. 

Blood-Brain Barrier: See Hemoencephallc Barrier 
Body, weight, relation of threshold for experimental 
convulsions to, 153 
Bones ; See under names of bones 
Diseases ; See Osteomyelitis ; etc. 

Book Reviews: 


Crime and Human Mind; D. Abrahamsen, 164 
Doctor’s Job; C. Binger, 452 
Foster Home Care for Mental Patients ; H B 
Crutcher, 326 

Freud’s Contribution to Psychiatry; A. A Rriii 
326 ’ 

How to Influence Yourself; K. Morlan, 397 
Insulin Shook Therapy Study, 327 
Introduction to Physical Methods of Treatment 
in Psychiatry; W. Sargent and E. Slater 256 
Slanagement of Neurosyphilis; B. Dattner’ and 
others, 90 

. Neurology of Eye, Ear, Nose and Throat- E A 
Spiegel and I. Sommer, 328 ’ ‘ 

Oliva bulbar ; estructura, funcidn y patoloeiT • 
' J. O. Trelles, 164 Jatoiogia, 

Pain, 327 


Fattents Have Famtlfes; H. B. Richardson a” 
Peripheral Nerve Injuries: Principles of 
nosis; W. Haymaker and B. Woodhall 452 


Book Reviews — Continued 

Personal Mental Hygiene ; T. V. Jloore, 397 
Poet Physicians ; Anthology of Medical Poetry 
Written by Pliysiclans ; compiled by M. D. 
McDonough. 398 

Shaping of Psychiatry by War; .1. R. Rees, 452 
Spina Blflda and Cranium Blfldum ; F. Ingraham, 
256 

Symptoms of Visceral Disease: Study of Vegeta- 
tive Nervous System in Its Relationship to 
Clinical Medicine ; F.- M. Pottenger, 250 

Bournevllle’s Disease: See Sclerosis, tuberous 
Boutons : See Nerves, roots 

Bowser, D. ; Achondroplasia of Parrot and Marie 
and familial osteochondrodystrophy of Jforqulo ; 
demonstration of patients, 451 
Brachlum Pontls; Sec Cerebellum ‘ 

Brain : See also Cerelicllum ; Corpus Callosum ; Dura 
Mater ; Hypothalamus ; Medulla Oblongata ; 
Meninges; Nervous System; Tlialamus; etc. 
abnormalities ; cyclocepiialon and hypertrophied 
structures in brain of child with multiple facial 
malformation, 444 

abscess : Bacteroldes infections of central nervous 
system, 441 

action of barbiturates on cerebral cortex ; eleclro- 
enccphalographlc studies, *51 
acute fatal experimental toxoplasmosis in young 
monkey, 249 

alterations in brain structure after aspliyxiation 
at blrtli : experimental study in guinea pig, 154 
atrophy; familial cerebral degeneration with cor- 
tical atrophy, 444 

atrophy; Morgagnl-Stcwart-JIorcl syndrome: re- 
port of case wltii pncumocnccplialographlc find- 
ings, 442 

biochemical and clcetroencephalographlc changes 
associated wltli delirium tremens, 240 
Blood Supply : Sec also Aneurysm ; Arteries : 

Hcmoenccphalic Barrier; Thrombosis; etc. 
blood supply; plilcbothrombosls and phlebostasls 
of brain in newborn and In early childhood, 240 
blood supply; ])rogrcssive cerebral ischemia, 320 
carcinoma of uterine fundus with metastasis to 
brain : report of case, *218 
coagulation necrosis in, 253 
Concussion : See Brain, Injuries 
Cysticcrcus cellulosae of, 153 
cysts; porencephaly, 248 

Diseases: Sec also Encephalitis; Insanity; Men- 
tal Diseases; elc. 

diseases ; cerebral malaria ; electroenceplialograpliic 
study. 84 

diseases ; denial of blindness by patients with 
cerebral disease, *407 

diseases ; encephalopathy, nephrosis and renal 
. granuloma following sulfonamide tlierapy, 441 
diseases; fatal case of cerebral malaria, 387 
diseases; lesions In brain associated wltli malaria; 
pathologic study on man and on experimental 
animals, *191 

diseases; unusual case, of cerebral m.alaria, 3SS 
disturbances in sleep mechanism ; cllnlcopathologlc 
study; lesions at cortical level, 79, *399 
edema and trophic disturbances of lower extrem- 
ities complicating prefrontal lobotomy, *262 
effects of implantation of methylcholanthrcne in 
brain of dog, 395 

effects of lesions of periaqueductal gray matter 
in cats and monkeys, 325 
electroencephalography ; delirium ; . elcctrocnceplial- 
ographlc changes associated with acute alcoholic 
Intoxication, *44 

electroencephalography ; electroencephalogram In , 
late post-traumatic cases, 387 

electroencephalography ; electroencephalogram in 

post-traumatic epilepsy; 386, 440 
electroencephalography; electroencephalogram of 
decorticate monkeys, 74 

electroencephalography ; electroencephalograplilc 

and pneumoencephalographic studies of multiple 
sclerosis, 246 

electroencephalography ; electroenccphalographic 
changes in case of subarachnoid hemorrhage, 
*232 

ele"* ' electroenceplialograpliic 

iry beliavior disorders in 
irith age, sex, family, his- 
tory and antecedent Illness, or Injury, *138 
electroencephalography ; electroencephalograplilc 
findings in cases of bromide intoxication, *431 
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^ eleclrocucciihnlocrnphy ; clcctroencoplialoprniOii^c 

study of prefrontal lobotoiny > study of focal 

elcctroenccplialocrapliy In chronic posl-trauinatlc 
syndromes. 237 

elcctroenccplialopraphy ; orlpln of spike and 

pattern of petit mal epilepsy; clcctrocnccphalo- 
graphic study; *274 . „ i 

electroencephaloprapl)y : vasopressor and carotid 
sinus syncope: clinical, eIcc(rocncciihalopraj)Iilc 
and electrocardiopraphlc observations, .iSo 
hetnorrliape ; transtentorial herniation of brain 
item; characteristic cllnlcopatholoplc syndrome; 
pathogenesis of hemorrhapes In brain stem, **.89 
hernia; skull defect and iiernlation of cerebrum 
with absence of dura following head injury 
. in adolescence, *307 . , , , , , 

♦ hindbrain and early development of behavior In 

frogs, 385 . , . 

hyperthermia following injury of prcoptic region , 
report of case, *150 
Inflammation ; See Encephalitis 
Influence of gonads and adrenal glands on chem- 
ical composition ofj 248 

Injuries; See also Cranium, injuries; Head, 
injuries , , . , , i 

injuries: cerebral injury by blunt mechanical 
trauma ; reference to effects of repeated impacts 
of minimal intensity; observations on experi- 
mental animals, *333 

injuries ; electroencephalographlc study of pre- 
frontal lobotomy; study of focal brain Injury, 
•283 

injuries ; electroencephalography in chronic post- 
traumatic syndromes, 237 

• injuries of vertex of skull with reference to para- 
central lobules of brain, 89 
injuries ; phenomenon of visual extinction in 
homonjTnous fields and psychologic principles 
involved, *29 

injuries: physiologic basis of concussion, 31 < 
intelligence following prefrontal lobotomy in obses- 
sive tension states, 244 

Localization of Function: Sec also Brain, dis- 
eases; Brain, pathology; Brain, tumors 
localization of function; afferent areas in cere- 
bellum connected with limbs, 38G 
localization of function; functional organization 
of medial aspect of primate cortex, 233 
localization of function > physiologic neurono- 
graphy of some cortlcosubcortlcal connections 
in chimpanzee, 38C 

localization of function; relation Of area 13 on 
orbital surfaces of frontal lobes to hyper- 
activity and hyperphagia in monkeys, 74 
mode of representation of movements in motor 
cortex, with reference to "convulsions beginning 
unilaterally," 23o 

organization of tactile sensory area of cerebral 
cortex of chimpanzee, 74 

pathology ; periarteritis nodosa with decerebrate 
rigidity and extensive encephalomalacla in 5 
year old child, 251 

physiologic interpretation of convulsant action of 
metrazol, '318 

Physiology : See also Brain, electroencephal- 

ography; Brain, localization of function 
physiology ; study of gnosis, praxis and language 
following section of corpus callosum and an- 
terior commissure, 317 
Sclerosis : See Sclerosis 
Softening : See Brain, pathology 
studies of sensation of vibration ; evidence for 
cortical areas in inhibition and mediation of 
tickle, *355 

surgery; complication of prefrontal lobotomy, 395 
surgery; electroencephalographlc study of pre- 
- ^robtal lobotomy ; study of focal brain Injury, 

surgery; frontal lobotomy, 324 
surgery ; prefrontal lobotomy in treatment of 
chronic psychoses with referehce to section of 
orbital areas only, *125 

surgery; psychoneurologic problems related to sur- 
gical transsection of prefrontal association areas 
in man, 155 

surgery; return of virility after prefrontal leukot- 
omy, with enlargement of gonads, 442 
surgery; treatment of painful phantom limb by 
removal of postcentral cortex, 390 
surgery; use of products prepared from human 
fibrinogen and human thrombin in neurosur- 
gery, 77 


Brain — Continued , * , . 

tonic and clonic responses of cerebral cortex fol- 
lowing hyperventilation, 317 
tumors; erotomania (nymplinmanln) ns expression 
of cortical epileptiform dlsciiarge, *226 
tumors; giant cells in neuroectodermal tumors 
of brain, 250 

tumors : lipoma ; report of casc.s, *299 
tumors; meningioma of lateral ventricle; report 
of case, 101 

tumors; multiple meningioma and meningiomas 
associated with other brain tumors, 387 
utilization of oxygen by brain In traumatic shock, 
153 

ventricular changes after closed liead injury, 444 
visual disturbances iiroduced by bilateral lesions 
of occipital lobes with central scotomas, *105 
Brazier, M. A. 15.; Action of barbiturates on 
cerebral cortex ; electroencephalographlc studies, 
*51 

Brenner, G. ; Paralysis of nerve induced by direct 
pressure and by tourniquet, 88 
Bromide and Bromine ; electroencephalographlc find- 
ings In cases of bromide intoxication, *431 
In Blood ; See under Blood 
Buchanan, D. ; Toxoplasma encephalomyelitis ; 

clinical, pathologic and experimental study, 447 
Bucy, P. C. : Ilornlatlon of cervical intervertebral 
disks, 87 

Bullet Wounds ; See under Head 
Burns, utillz.ation of oxygen by brain in traumatic 
shock, 133 

Busch, A. K. : Prefrontal lobotomy in treatment of 
chronic psyclioses with reference to section of 


orbital areas only, *125 

Cacogcusia: See under Taste 
Calvarium : See Cranium 

Cancer ; See under names of organs and regions, 
as Brain ; Lungs ; Uterus ; etc. 

Carbon Disulfide, degeneration of basal ganglia due 
to chronic carbon disulfide poisoning in monkeys, 
44G 

Cardlazol: See Metrazol 

Cardiovascular .System: See Arteries; Heart; 

Vasomotor System ; etc. 

Carotid Sinus; vasopressor and carotid sinus syn- 
cope; clinical, electroencephalographlc and 
electrocardiographic observations, 385 
Casaradjor, L. : Phlebothrombosls and phlcbostasls 
of brain in newborn and in early childhood, 240 
Castration, types of female castration reaction, 237 
Catatonia : See Dementia Precox 
Cauda Equina :' See Spinal Cord 
Causalgla : See Xeuralgla 
Cells : See also Neurons ; Tissue ; etc. 

giant, in neuroectodermal tumors of brain, 250 
Cephalalgia : See Headache 
Cephalocele: See Brain, hernia 
Cerebellum, afferent areas in cerebellum connected 
with limbs, 38G 

chronic chloroform poisoning; clinical and patho- 
logic report of case, *08 

Localization of Function : See Brain, localization 
of function 

neurogenic polycythemia ; report of case, • 251 
Cerebrospinal Fever: See Meningitis 
Cerebrospinal Fluid, biologic false positive spinal 
fluid Wassermann reactions associated with 
meningitis, 440 

cerebrospinal rhlnorrhea ; surgical repair, 77 " 
head injuries involving air sinuses (with cerebro- 
spinal rhlnorrhea), 388 

interpretation of findings in; dementia paralytica 
formula and necessity of its quantitative differ- 
entiation, *11G 

nonprotein nitrogen and protein concentrations of 
serum and spinal fluid in shock, 153 
polyradiculoneuritis with albumlnocytologic dis- 
sociation; pathoanatomic report of 3 cases *185 
surgical management of compound depressed frac- 
ture of frontal sinus, cerebrospinal rhlnorrhea 
and pneumocephalus, 443 
Cerebrum : See Brain 
Cervix : See Uterus 
Chemotherapy : See Meningitis 
Chenault, H : Herniation of cervical intervertebral 
disks, 87 

Chest: See Thorax 
Children : See also Infants 
electroencephalographlc evaluation of primary be- 
havior disorders in children ; correlations "with 
or^Injury * 138 ^ history and antecedent illness 
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Children— Continued , , 

psycliomotllity in behavior disorders as seen 
handwriting of children, 439 . 

Chloroform, chronic poisoning; clinical and pa“'°' 
logic report of case, *68 

Choanae : See Nose „„„„ 

Choline and Choline Derivatives: Sec Cliolincstcf“S® 
Cholinesterase, distribution in bovine retina, 74 
Chordotomy : See Spinal Cord ,, 

Choriomeningitis, subdural suppuration original*''*- 
in purulent leptomeningitis, *144 
Circumollvary Fascicles : See Pyramidal Tract 
Coarctation : See Aorta 

Cohn, It. : Electroencephalographlc and plieu™^' 
encephalographic studies of multiple sclerP-'”®> 
24C , . 

Electroencephaiographic study of prefrontal lo™^" 
omy; study of focal brain Injury, *283 
Colitis, ulcerative ; psychiatric problems in con^®''" 
vatlve treatment, 322 
Colleges : See Enivcrslties 

Coma : See Dementia Precox . 

Communicable Diseases : See Measles : MenlngP'S > 
etc. 

Compulsion: See Dementia Precox; Neuroses 
Psychoneuroses 

Concussion : See Brain, injuries 
Conditioned Reflexes : See under Reflex 
Confusion, Mental : See under Insanity 
Congress : See ,Socleties 

Constitution, role of physical constitution in 
velopment of dementia paralytica, 388 
Contusion : See Brain, injuries 
Convulsions : See also Epilepsy 

physiologic Interpretation of convulsant actloi* 
metrazol, 318 

Corpus Callosum ; study of gnosis, praxis 3.*’“ 
language following section of corpus caltoS'"" 
and anterior commissure, 317 
Corpus Luysl : See Hypothalamus 
Restlforme: See under Medulla Oblongata 
Correction in transcript of article by R. B, A;™ 
and L. Strait entitled "Protective Barriers 
Central Nervous System” (Arch. Neurol. * 
Psychlat. 51:54 [Jan.] 1944), G7 
Cowen, D. : Acute fatal experimental toxoplasntds.** 
in young monkey, 249 

Cranium : See also Frontal Bone ; Head ; etc. 
characteristic roentgenographlc changes associ®*®” 
with tuberous sclerosis, *199 
displacement of pineal gland with extrad'**'®* 
hemorrhage, *311 

Injuries: See also Brain, Injuries; Head, Injpr*®® 
injuries of vertex of skull with reference 
paracentral lobules of brain, 89 
SIorgagnl-Stewart-Morel syndrome ; report of 
with pneumoencephalographlc findings, 442 . 

skull defect and herniation of cerebrum with 
absence of dura following head injury 
adolescence, *307 

Culture, neuropsychiatric view of German cult®'^®’ 
23G , 

Cuneo, H. M. : Lateral spinothalamic tract o®” 
associated tracts in man, *423 ' 

Cyclocephalus : See Monsters, cephalic 
Cystlcercus: See under Brain 

Cysts : See under names of organs and regl.®"®' 
as Brain ; etc. 

DaCosta's Syndrome : See Asthenia, neuroclrO®^®" 

■ tory 

Davldoff, Leo M., appointment of, 328 
Davis, E. AY. : Effects of Implantation of mctl'Fl- 
cholanthrene in brain of dog, 395 
Effects of lesions of periaqueductal gray mO^ter 
in cats and monkeys, 325 

Davis, L. : Studies of sensation of vibration ; evi- 
dence for cortical areas in inhibition ®dd 
mediation of tickle, *355 

Davison, C. : Disturbances in sleep mechan^ei® > 
cllnicopathologlc study ; lesions at cortical level, 
79, *399 

Lipoma in quadrigeminal plate with hydroceplu**”® > 
report of case, 253 

Deafness, pigmentary degeneration of retina 
nerve type of deafness. 238 
Decerebration : See Rigidity 
Decompression : See Air, pressure 
Defectives : See Feeblemindedness 
Delirium: See also Insanity 
electroencephalographlc chMLg.e& a.ss,Qc.i.a.t.e.d. with 
acute alcoholic intoxication, *44 
tremens, biochemical and electroencephalogrPP*'^® 
clianges associated with, 240 


Delusions : See under Dementia Precox ; etc. 
Dementia: See Dementia Paralytica; Dementia 

Precox; Insanity; etc. 

Dementia Paralytica, interpretation of findings in 
cerebrospinal fluid; dementia paral.vtica formula 
and necessity of Us quantitative differentia- 
tion, *110 

role of physical constitution in development of, 
388 

Dementia Precox, bromine content of blood in mental 
diseases; dementia precox, *305 
effect ,of sodium amytal and amphetamine sulfate 
on mental set In schizophrenia, *305 
prefrontal lobotomy In treatment of chronic psy- 
choses with reference to section of orbital 
areas ‘only, *125 

primitive habits and perceptual alterations In 
terminal stage of schizophrenia, *378 ■ , 

prognostic significance of certain factors In 
schizophrenia, 241 

schizophrenia and paranoid psychoses among col- 
lege students, 318 

Demobilization : Sec Jlllltary Slcdlclne 
■Demufn, 'E. 'l. : TRstufoances ‘in sleep meeliariism ; 
cllnicopathologlc study; lesions at cortical level, 
79, *399 

Denny-Brown, D. : Paralysis of nerve induced by 
direct prc.ssurc and by tourniquet, 88 
Depersonalization : Sec Personality 
Depression : Sec Insanity ; Mental Diseases ; Neu- 
roses and Psychoncuroses 
Dermanyssus Galllnnc : See Encephalitis 
Dermatology, relation to psychiatry, 320 
Do Ronde, M. : Excessive androgen In female, 159 
Diabetes Jlcllltus : Sec also Blood sugar 
glycosuria In meningitis, 320 
Dickerson, W. AV. : Cliaracterlstlc rocntgenograplilc 
changes associated with tuberous sclerosis, *199 
Dlcthylstllbeslrol ; See Estrogens 
Dlphcnylhydantoln : Sec Mental Diseases 
Diplegia : Sec Paralysis 
Dipsomania : See Alcoliollsm 

Disease, cleclrocnccphalographlc evaluation of pri- 
mary behavior disorders In children; correla- 
tions with age, sex, family history and ante- 
cedent Illness or Injur.v, *138 
Disk, Intervertebral ; Sec under Spine 
Dorsey, J. F. : Denial of blindness by patients with 
cerebral disease, *407 

Drugs, Addiction : See under names of drugs 
Duodenum, Ulcers : See Peptic Ulcer 
Dura Mater : See also Meninges 
cerebrospinal rhlnorrlica ; surgical repair, 77 
skull defect and herniation of cerebrum with 
absence of dura following head Injury In 
adolescence, *307 

use of products prepared from human fibrinogen 
and human 'thrombin in neurosurgery, 77 
Dysacousla : Sec Deafness 

Dyschondroplasla ; achondroplasia of Parrot and 
Marie and familial osteochondrodystrophy of 
Morquio ; demonstration of patients, 451 
Dyskinesia : See Movements 

Ear: See Deafness 

Echinococcosis : See under Brain 
Ectoderm, neural dllTerentlatlon of ectoderm through 
exposure to saline solution, 315 
Edema : See under names of organs and regions, 
as Extremities; etc. 

Edlln, J. V. : Conditioned aversion treatment of 
chronic alcoholism ; preliminary report, 85 
Education, course of study In Rorschach test, 
Michael Reese Hospital, 1C3 
Effort Syndrome: See Asthenia, neuroclrculatory 
Elinl, G. : Hemifacial spasm ; review of 108 cases, 
*205 

Intrasplnal lipomas ; report of cases ; review of 
literature, and cllnlcql and pathologic study, *1 
Lipoma of brain ; report of cases, *299 
Electricity : See Electrotherapy 
Electrocardiogram : See under Heart 
Electroencephalogram : See Brain, electroencephal- 
ography 

Electronarcosis : See Anesthesia 
Electrotherapy : See also Mental Diseases ; Sex, 
perversion; etc. 

neurohistologic findings In experimental electric 
shock treatment, 154 

organic psychotic s.vndromes occurring during 
electric convulsive therapy, *269 
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Electro tIierapy-;-Continued 

prevention of fatality and fracture during elec- 
trical coma therapy, 444 

sequelae and complications of convulsive shock 
therapy, 82 

Embolism; See also Thrombosis 

pathologic characteristics of embolic or metustatic 
encephalitis, 154 

Emotions : See also Anxiety ; Grief ; etc. 
acute emotional disturbances In torpedoed seamen 
of merchant Marine who are continuing at 
sea, 76 

causalgla ; report of recovery following relief of 
emotional stress, *222 

mechanism and treatment of Baynaud’s disease, 
439 

Encephalitis; See also Encephalomyelitis 
affecting basal ganglia in monkeys, 254 
associated with herpes zoster; report of case, *59 
isolation of St. Louis encephalitis virus from 
cAfeken miVcs ^'^^mTnr^rysb^.■is- ga-iYitarir/ nv ivafcrre, 
386 

neonatal toxoplasmosis, 247 

pathologic characteristics of embolic or metastatic 
encephalitis, 154 

Encephalocele ; See Brain, hernia 
Encephalomalacia ; See Brain, pathology 
Encephalomyelitis ; Toxoplasma encephalomyelitis ; 

clinical, pathologic and experimental study, 447 
Encephalopathy : See Brain, diseases ‘ 

Encephalorrhagla : See Brain, hemorrhage 
Endocarditis, pathologic characteristics of eniholic 
or metastatic encephalitis, 154 
Engel, G. L. ; Delirium ; electroencephalographic 
changes associated with acute alcoholic ihtoxi- 
catlon, *44 

Epidermis : See Skin 

Epilepsy ; See also Convulsions ; Sclerosis, tuberous 
erotomania (nymphomania) as expression of corti- 
cal epileptiform discharge, *226 
genuine, 156 

mode of representation of movements in motor 
cortex, with reference to "convulsions beginning 
unilaterally," 235 

origin of spike and wave pattern of petit mal 
epilepsy; electroencephalographic. study, *274 
post-traumatic, electroencephalogram in, 386, 440 
traumatic, clinical aspects of, 440 
treatment of convulsive state at Illinois Security 
Hospital, 395 

Epiloia; See Sclerosis, tuberous 
Epiphysis ; See Pineal Gland . 

Epistaxis: See Nose, hemorrhage 
Ergotamine Tartrate : See Headache 
Erickson, T. C. : Erotomania (nymphomaniq) as 
expression of cortical epileptiform discharge, 
*226 

Erotomania (nymphomania) as expression of cortical 
epileptiform discharge, *226 
Erythremia : See Polycythemia 
Estrogens, Influence of gonads and adrenal glands 
on chemical composition of brain, 248 
Excitement, effectiveness of diphenylhydantoin in 
management of nonepileptic psychomotor excite- 
ment states, *370 
Exhaustion ; See Fatigue 
Exhibitionism ; See Sex, perversion 
Bxtrasystoles ; See Arrhythmia 
Extremities ; See also Arms 

edema and trophic disturbances of lower ej^trem- 
ities complicating prefrontal lobotomy, *262 
edema; complication of prefrontal lobotomy, 395 
injuries ; nonprotein nitrogen and protein concen- 
trations of serum and spinal fluid in shock, 153 
methods of initiating limb regeneration In adult 
Anura, 315 

Paralysis ; See also Paralysis ; Poliomyelitis 
paralysis ; paralysis of nerve Induced by direct 
pressure and by tourniquet, 88 
Eyes ; See also Vision ; and under special struc- 
(tomr inf eyes; i. <?., S'etess:; evV. 
herpes zoster ophthalmicus ; 2 rare manifestations 
238 • ' 

paralysis ; divergence paralysis and head trauma 
*135 

Face, abnormalities; cyclocephalon and hyper- 
trophied structures in brain of child with mul- 
tiple facial malformation, 444 
injuries of facial portion of skull in wartlmh and 
in peacetime, 445 

pain referred to face, neck, upper extremity and 
, chest ’due to lesions in ear, 158 
progressive hemiatrophy of, *437 


Fainting; See Syncope 

Family, electroencephalographic evaluation of pri- 
mary behavior disorders in children; correlations 
with age, sex, family history and antecedent 
illness or injurj% *138 
Pantom Limbs ; See Amputation 
Fatigue, major studies on, 75 

problems as illustrated by experiences in decom- 
pression chamber, 317 

sodium amytal narcosis in« treatment of opera- 
tional fatigue in combat aircrews, 239 
Feces, poliomyelitis in British and American troops 
in Middle East ; isolation of virus from human 
feces, 386 

Feeblemindedness, familial cerebral degeneration with 
cortical atrophy, 444 

mental deficiency as community problem, 449 
partial congenital heral-hypertrophy, 444 
Feeling: See Emotions 

Fever ; See also Malaria ; Temperature ; etc. 
fiypertfiermia following injury of preoptlc region; 

• report of case, *150 

Therapeutic : See under Mental Diseases ; etc. 
Fibrillation, Auricular; See Arrhythmia 
Fibrin Foam ; See Hemostasis 
Filum Terminale ; See Spinal Cord 
Flncsinger, J. E. ; Action of barbiturates on cerebral 
cortex ; electroencephalographic studies, *51 
Fletcher, D. E. ; Lesions in brain associated with 
malaria ; pathologic study on man and on ex- 
perimental animals, *191 ' 

Foramen, Intervertebral ; See under Spine 
Foramen Magnum, meningioma obstructing, *131 
Forster,, P. M. ; Hlstopathology of cerebral aneur- 
ysms, 249 

Fortes, A.; Meningioma obstructing foramen mag- 
num. *131 

Poster, D. B. : Polyradiculoneuritis with albumino- 
cytologlc dissociation ; pathoanatomic report of 
3 cases, *185 

Fractures ; See also under names of bones and 
joints, as Frontal Bone; etc. 
prevention of fatality and fracture during electrical 
coma therapy, 444 

Freeman, W. ; Electroencephalographic and pneumo- 
encephalographic studies of multiple sclerosis, 
246 

Intelligence following prefrontal lobotomy in ob- 
sessive tensiCn states, 244 

Freyhan, F. A. ; Effectiveness of diphenylhydantoin 
in management of noneplleptic psychomotor ex- 
citement states, *370 

Frlderlchsen-Waterhouse Syndrome : “ See Adrenals, 
hemorrhage 

Frontal Bone, Morgagni-Stewart-Morel syndrome; 
report of case with pneumoencephalographic 
findings, 442 
osteomyelitis of, 239 

surgical management of compound depressed frac- 
ture of frontal sinus, cerebrospinal rhinorrhea 
and pneumocephalus, 443 

Furlow, L. T. : Phenomenon of visual extinction 
in homonymous fields and psychologic principles 
Involved, *29 

Visual disturbances produced by bilateral lesions 
of occipital lobes with central scotomas, *165 

Ganglion : See also Nervous System ; Neurons 
degeneration of basal ganglia due to chronic 
carbon disulfide poisoning In monkeys, 446 
encephalitis affecting basal ganglia In monkeys, 
254 

experimental analysis of functions of basal ganglia 
in monkeys and chimpanzees, 385 
Gardner, E. ; Lateral spinothalamic tract and asso- 
ciated tracts in man, *423 
Gastric Ulcer ; See Peptic Ulcer 
Geniculate Body : See Corpus Geniculatum 
Germany, neuropsychiatric view of German culture, 
236 

Globus, J. H. ; Giant cells in neuroectodermal tumors 
of brain, 250 

Glycosuria ; See Diabetes Mellitus 
Gnosla : See Perception 

Gonads; influence of gonads and adrenal glands on 
chemical composition of brain, 248 
Gottlieb, J. S. : Electroencephalographic evaluation 
of primary behavior disorders in children; corre- 
lations with age, sex, family history and ante- 
cedent illness or Injury, *138 • 

Grant, F. C. : Meningioma of lateral ventricle; 
report of case, 161 
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Granuloma, encephalopathy, nephrosis and renal 
granuloma following sulfonamide therapy, 441 
Green, J. R. : ' Injuries of vertex of skull with 

reference to paracentral lobules of brain, 89 
Greenblatt, M. : Electroencephalographic findings in 
cases of bromide intoxication, *431 
Greene, R. A. : Jlental deficiency as community 
problem, 449 

Griet, prolonged case of grief reaction treated' by 
electric shock, 2^7 

psychiatric problems in conservative treatment of 
ulcerative colitis, 322 

Groat, R. A. : Influence of gonads and adrenal 
glands on chemical composition of brain, 248 
Gunther Syndrome : See Polycythemia 
Guillain-Barre Syndrome : See Xerves, roots 

Habits, primitive, and perceptual alterations in 
terminal stage of schizophrenia, *378 
Hair, Diseases : See Alopecia 
Hallucinations : See Delirium 
Handicapped : See Feeblemindedness 

Handwriting, psychomotility in behavior disorders 
as seen in handwriting of children, 439 • 

Harris, A. H. : Interpretation of findings in cerebro- 
spinal fluid; dementia paralytica formula and 
necessity of its quantitative differentiation, *110 
Hassin, G. B. : Histologic changes in case of para- 
myoclonus multiplex, 255 
Head : See also Cranium 
Injuries ; See also Brain, Injuries ; Cranium, In- 
juries; etc. 

injuries ; clinical aspects of traumatic epilepsy, 
440 

injuries ; displacement of pineal gland with extra- 
dural hemorrhage, *311 

injuries ; divergence paralysis and head trauma, 
*135 

injuries; electroencephalogram in late post-trau- 
matic cases, 387 

injuries ; electroencephalogram in post-traumatic 
epilepsy, 440 

injuries ; gunshot wounds of head in acute stage, 
387 

injuries involving air sinuses (with cerebrospinal 
rhlnorrhea) , 388 > 

injuries, mental symptoms following ; statistical 
analysis of 200 cases, *34 
injuries; pretraumatlc personality and psychiatric 
sequeiae of head injury ; categorical pretrau- 
matic personality status correlated with general 
psychiatric reaction to head injury based on 
analysis o.f 200 cases, *358 
injuries; referred head pain and its concomitants, 
156 

injuries; skull defect and herniation of cerebrum 
with absence of dura following head injury in 
adolescence, *307 

injuries ; ventricular changes after closed head 
injury, 444 

Headache: See also Migraine 

experimental studies ; transient thickening of walls _ 
of cranial arteries in relation to certain phe- ' 
nomena- of migraine headache and action of 
ergotamine tartrate on thickened vessels^ *329 
referred head pain and its concomitants, 156 ' 
Hearing ; See Deafness 

Hearne, R. : Spontaneous subarachnoid hemorrhage 
with coarctation of aorta ; report of case with 
recovery, 391 

Heart : See also Arrhythmia ; Blood, circulation ; 

etc. 

Diseases : See Endocarditis 

vasopressor and carotid sinus syncope ; clinical, 
electroencephalographic and electrocardiographic 
observations, 385 
Heat: See Temperature 
Hebephrenia : See Dementia Precox 
Heilbmnn, G. : Chronic chloroform poisoning ; clin- 
ical and pathologic report of case, *68 
Conditioned aversion treatment of chronic alco- 
holism ; preliminary report, 85 
Heine-Medln’s Disease : See Poliomyelitis 
Hemangioblastoma : See Angioma 
Hematology : See Blood ; Hemopoietic System 
Hemianopsia, phenomenon of visual extinction in 
homonymous fields and psychologic principles 
Involved, *29 
Hemiatrophy: See Face 
Hemlhypertrophy : See Hypertrophy 
Hemiplegia : See Extremities, paralysis ; Paralysis 
Hemoencephalic .Barrier, nonprotein nitrogen and 
protein concentrations of serum and spinal fluid 
in shock, 153 


Hemopoietic System, central nervous system com- 
plications arising from diseases 'of blood form- 
ing tissues, 442 

Hemorrhage: See also Adrenals, hemorrhage; Brain, 
hemorrhage ; Hemostasis ; Nose, hemorrhage ; etc. 

• Subarachnoid : See Meninges, iicmorrhage 

utilization of oxygen by brain in traumatib shock, 
153 

Hemostasis, paralysis of nerve induced by direct 
pressure and by tourniquet, 88 
use of products prepared from human fibrinogen 
and human thrombin in neurosurgery, 77 
utilization of oxygen by brain in traumatic shock, 
153 

Hernia: See- Brain 

Herpes, cranial nerve palsies with herpes following 
general anesthesia, 389 

_ ‘ zoster associated with encephalitis ; report of case, 
*59 

zoster ophthalmicus : 2 rare manifestations, 238 
Herrmann, J. D. : Hyperthermia following injury 
of prcoptic region ; report of case, *150 
Hindbrain : See Brain 

Hlctko, P. : Conditioned aversion treatment of 
chronic alcoholism ; preliminary report, 85 
Hodge, G. B. : Carcinoma of uterine fundus with 
metastasis to brain ; report of case, *218 
Hofstattcr, L: : Prefrontal lobotomy in treatment 

of chronic psychoses, with reference to section 
of orbital areas only,’ *125 
Homoseximlity : See Sex, perversion 

IJormones : See Androgens ; Estrogens ; etc. 
Hospitals, psychiatric experience on naval hospital 
ship, 159 

results of hospital treatment of alcoholism, 389 
treatment of convulsive state at Illinois Security 
Hospital, 395 

Hursh, J. B. : ' Origin of spike and wave pattern of 
petit ‘mal epilepsy ; electroencephalographic 

study. *274 

Huston, P. E.': Effect of sodium amytal and 
amphetamine sulfate on mental set in schizo- 
phrenia, *365 

Hydrocephalus, lipoma in quadrigeminal plate with 
hydrocephalus ; report of case, 253 
spontaneous -ventricular rupture in hydrocephalus 
with subtentorial cyst formation. 157 
Hyperpnea : Sec Respiration, hyperpnea 
Hyperpyrexia : See Fever 
Hypersomnia : See Sleep 
Hyperthermia : See Fever 

Hypertrophy : See «lso under names of organs and 
regions 

partial congenital hemlhypertrophy, 444 
Hyperventilation : See Respiration, hyperpnea 
Hypogeusla : See Taste 
Hypoglycemia : See Blood sugar 
Hypomania : See Mental Diseases * 

Hypothalamus, disturbances in sleep mechanism ; 

cllnlcopathologlc study, 79, *399 
Hypothermia : See Cold 

Hysteria : See also Neuroses and Psychoneuroses 
amblyopia in, 77 
and suggestibility, 157 

Idiocy; See Feeblemindedness 
Mongolian : See Mongolism 
Illinois Security Hospital, treatment of convulsive 
state at, 395 

Imbecility: See under Mongolism 
Impotence, return of virility after prefrontal leukot- 
omy, with enlargement of gonads, 442 
Inebriety : See Alcoholism 
Infantile Paralysis : See Poliomyelitis 
Infants : See also Children 
newborn ; neonatal toxoplasmosis, 247 
newborn ; phlebothrombosis and phlebostasis of 
brain in newborn and in early childhood, 240 
Infundibulum : See Hypothalamus 
Inhibition, studies of sensation of vibration ; evi- 
dence for cortical areas in inhibition "and media- 
tion of tickle, *355 

Injuries : See Brain ; Cranium ; Extremities ; Face ; . 
etc. 

Insanity: See also Dementia Precox; Mental Dis- 
eases 

Alcoholic : See Alcoholism 

biochemical component of manic-depressive psy- 
chosis, 156 

delusional ; schizophrenia and paranoid psychoses 
among college students, 318 • 
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Intdlipoiicc follo^\■illR pvefroiUnl lobotomy in obses- 
sive tension states, 244 
Tests : See Mental Tests 

Intervertebral Disks : Sec Spine, intervertebral disks 
Intoxicatloii : See Alcoiioiism ; Bromide and Bro- 
mine ; etc. 

Johnson, It. H. :■ Conditioned aversion treatment 
of chionie alcoiioiism; prellnrlnarj’ report, 85 
Judovicli, B. D. ; Scalenus antlcus syndrome, 161 


Kaiinowsky. L. B. ; OrRanlc psychotic syndromes 
occurring during electric convulsive therapy, 
*269 

Kaye, B. : ITogressivc hemiatrophy of face, *437 
KCnnard. M. A. ; Biochemical and clcctroencephalo- 
praphic changes associated with delirium tre- 
mens. 240 

Kepner, R. : Histologic changes in case of para- 
myoclonus multiplex, 255 

Kidneys, encephalopathy, nephrosis and renal 
granuloma following sulfonamide therapy, 441 
Kindwall, .T. A. ; Lloyd Hiram Ziegler, 313 
Knott. .T. R. : Elcctroencephalographic evaluation 
of primary behavior disorders in children ; cor- 
relations with ape, sex, family history and ante- 
cedent illness or Injury, *138 
Korol. H. L. ; Prctraumatlc personality and psy- 
chiatric sequelae of head injury; categorical 
prctrnumatic personality status correlated with 
general psychiatric reaction to head injury 
based on analysis of 200 cases. *358 
Krumholz, S. : Enceplmlltis associated with herpes 
zoster; report of case, *59 
Kuhlenbeck, H. ; Giant cells in neuroectodermal 
tumors of brain, 230 

Kussmaul-JIaier Disease : See Periarteritis nodosa 


Lange, C. : Interpretation of findings in cerebro- 
spinal fluid; dementia paralytica formula and 
necessity of its quantitative differentiation, *116 
Language, study of gnosis, praxis and language 
following section of corpus callosum and anterior 
commissure, 317 

Lara-Gonzales. C. ; Toxoplasma encephalomyelitis : 

clinical, pathologic and experimental study, 447 
Ijassek, A. M. : Human pyramidal tract; correla- 
tion of Babinski sign and pyramidal syndrome, 
*375 

Leavitt, r. H. ; Memorial to Dr. Charles W. Burr, 
161 

Legs : See Extremities 
Leptomeningitis : See Choriomeningitis 
Leukotomy : See ’Brain, surgery 

Levin, S. ; Electroencephalograpbic findings in cases 
of bromide intoxication. *431 
Lewis, K. D. C. : Prognostic significance of certain 
factors in schizopbrerila, 241 
Lidz, T. ; Causalgia; report of recovery following 
relief of emotional stress, *222 
Liebert, E. : Chronic chloroform poisoning; clinical 
' and pathologic report of case, *68 
Liebman, S. : Homosexuality, transvestitlsm and 
psychosis ; study of patient treated with electric 


shock, 84 

Lindau’s Disease : See Angioma 
Lindemann, E. ; Psychiatric problems in conserva- 
tive treatment of ulcerative colitis, 322 
Lipoma in quadrigeminal plate with hydrocephalus; 
report of case, 253 

intraspinal ; report of cases ; review of literature, 
and clinical and pathologic study, *1 
of brain ; report of cases, *299 
Llssauer’s Paralysis : See Dementia Paralytica 
Tract : See Spinal Cord 
Lobectomy : See Brain, surgery 
Lobotomy ; See Brain, surgery 
Locomotion ; See Movements 
Louplng 111 ; See Encephalomyelitis 
Love, 3. G. : Intraspinal lipomas ; report of cases ; 
review of literature, and clinical and pathologic 
study, *1 

Lowenberg, K. : Polyradiculoneuritis with albumino- 
cytologic dissociation; pathoanatoiLic report of 
3 cases, *185 

Luhan, 3 . A.: Encephalitis associated with herpes 
zoster; report of case, *59 
Lungs : See also Respiration ; Thorax ; etc. 

cancer; superior sulcus tumor (Pancoast), 389 
Luys Body : See Hypothalamus 
Lymphocytes in Meningitis : See Choriomeningitis 


McCunc, W. S.; Skull defect and herniation of 
cerebrum with absence of dura following head 
injury in adolescence, *307 
Madonlck, M. .1. : Displacement of pineal gland 
with extradural hemorrhage, *311; correction, 
398 

Divergence paralysis and head trauma, *135 
Maler-Kussmaul Disease : See Periarteritis nodosa 
Malamud, N. ; Periarteritis nodosa with decerebrate 
rigidity and extensive encephalomalacia in 5 
year old 'Child, 251 

Malaria, associated with lesions in brain; pathologic 
study on man and on experimental animals, *191 
cerebral; elcctroencephalographic study, 84 
cerebral, fatal case of, 387 
cerebral, unusual case of, 388 
Malnutrition ; See Vitamins ; etc. 

Man, primitive habits and perceptual alterations in 
terminal stage of schizophrenia, *378 
Mania: See Insanity; Mental Diseases; etc. 
Marburg, 0. : Phlebothrombosis and phlebostasis of 
brain in newborn and in early childhood, 240 
Porencephaly, 248 

Marie-Parrot Disease : See Achondroplasia 
Martin, R. L. : Bromine content of blood in mental 
diseases; dementia precox,. *305 
Marvin”, T. R. : Bromine content of blood in mental 
diseases; dementia precox, *305 
Mastoiditis ; pain referred to face, neck, upper ex- 
tremity and chest due to lesions in ear, 158 
Measles complic.ating myelitis, *309 
Medicine, Aviation ; See Aviation and Aviators 
Military : See 5Illitary Medicine 
Kaval : See Naval Medicine 
Psychosomatic : See under Disease 
Medln-Heine Disease; See Poliomyelitis 
Medulla Oblongata, hemangioblastoma of medulla 
(Llndau’s disease), 442 

lateral spinothalamic tract and associated tracts 
in man, *423 

restitution following unilateral excision in embryo, 
316 

Melancbolla : See Insanity 
Meniere’s Disease : See Vertigo, aural 
Meninges : See also Arachnoid ; Dura Mater 
Hemorrhage : See also Brain, hemorrhage 
hemorrhage; displacement of pineal gland with 
extradural hemorrhage, *311 ; correction, 398 
hemorrhage ; electroencephalograpbic changes in 
case of subarachnoid hemorrhage, *232 ’ 

hemorrhage; spontaneous subarachnoid hemorrhage 
with coarctation of aorta ; report of case with 
recovery, 391 

multiple meningiomas, 157 

spontaneous ventricular rupture in hydrocephalus 
with subtentorial cyst formation, 157 
subdural suppuration originating in purulent 
leptomeningitis, *144 
Meningioma,* multiple, 157 

multiple, and meningiomas associated with other 
brain tumors, 387 
obstructing foramen magnum, *131 
of lateral ventricle; report of case, 161 
Meningitis : See also Choriomeningitis ; Meningococci 
Bacteroides infections of central nervous system, 
.441 

biologic false positive spinal fluid Wassermann 
reactions associated with, 440 . 
chemotherapy of intracranial infections ; treatment 
of pneumococcal meningitis by intrathecal ad- 
ministration of penicillin, 77 
due to infection with Torula histolytica ; report 
of case, 392 

due to Pittman and non-Pittman strains of H. 

influenzae, 321 
glycosuria in, 320 

Hemorrhagic; See Meninges, hemorrhage 
meningococcic infections; report of 43 cases of 
meningococcic meningitis and 8 cases of meningo- 
coccemia, 439 

meningococcic; sulfadiazine' theraps', 321 
meningococcic ; treatment with penicillin, 390 
recurrent pneumococcic, treated with sulfonamides, 
440 

subdural suppuration originating in purulent lepto- 
meningitis, *144 

Meningococci : See also .under Meningitis 
fulminating infection (Waterhouse-Friderichsen 
syndrome), 321 

infections ; report of 43 cases of meningococcic 
meningitis and 8 cases of meningococcemia, 439 
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Meningococci — Continued 
infections, some clinical aspects of, 439 
meningococcemla without meningitis; study made 
at Station Hospital, Fort George G. Meade, 
Maryland, 321 

. Meningoencephalitis; See Encephalitis; Meningitis 
Mental Deficiency: See Feeblemindedness 
Mental Diseases : See also Children ; Dementia 
Paralytica ; Dementia Prccox ; Feeblemindedness ; 
Insanity; Mental Hygiene; Neuroses and Psy- 
choneuroses; Personality; Psychiatry; etc. 
borderline cases treated by electric shock, 389 
bromine content of blood in dementia precbx, *305 
denial of blindness by patients with ccrcbrpl 
disease, *407 

edema and trophic disturbances of lower extrem- 
ities complicating prefrontal lobotomy, *202 
effectiveness of diphenylhydantoln in management 
of noneplleptlc psychomotor excitement states, 
*370 

metrazol and electric convulsive therapy of affec- 
tive psychoses : controlled series of observations 
covering period of 5 years, *212 
organic psychotic syndromes occurring during 
electric convulsive therapy, *269 
prefrontal lobotomy in tieatment of chronic psy- 
choses with reference to section of orbital areas 
only, *125 

prevention of fatality and fracture during electrical 
coma therapy, 444 

psychoneurologlc problems related to surgical 
transsection of prefrontal association areas in 
man. 155 

relation of threshold for experimental convulsions 
to body weight, 153 

sequelae and complications of convulsive shock 
therapy, 82 

treatment of convulsive state at Illinois Security 
Hospital, 395 

treatment with electric sliock, 158 
Mental Hygiene ; psychiatry and demobilization, 395 
Mental Set: See Attention 
Mental Tests: See also Personality 
course of study in Rorschach test, Michael Reese 
Hospital, 163 

effect of sodium amytal and amphetamine sulfate 
on mental set in schizophrenia, *365 
Merchant Marine ; See Naval Medicine 
Metabolism : See under specific headings, as Brain ; 
etc. 

3Iethylcholanthrene, effects of implantation in brain 
of dog, 395 

Metrazol, physiologic Interpretation of convulsant 
action of, 318 

Therapy : See Dementia Precox ; Mental Diseases ; 
Neuroses and Psychoneuroses ; etc. 

Micturition: See Urination 

Migraine, experimental studies on headache; tran- 
sient thickening of walls of cranial arteries In 
relation to certain phenomena of migraine head- 
ache and action of ergotamine tartrate on 
thickened vessels, *329 

hereditary familial telangiectasis with eplstaxis 
and migraine, 388 

Military Medicine : See also Aviation and Aviators ; 
Hospitals ; Naval Medicine ; Neuroses and Psy- 
choneuroses; etc. . 
amblyopia in hysteria, 77 

cancellation of Midwest Conference on Rehabilita- 
tion, 163 

early diagnosis of peripheral nerve injuries in 
battle casualties, 389 

guardhouse Inmate, with brief description of "psy- 
chopathic personality," 157 
gunshot wounds of head In acute stage, 387 
localised neuritis of shoulder girdle, 238 
meningococcemla without meningitis ; study made 
at Station Hospital, Fort George G. Meade, 
Maryland, 321 
morale, 77 

peptic ulcer at Fort George G. Meade, Maryland, 
76 

peripheral nerve surgery ; technical considera- 
tions, 390 

poliomyelitis in British and American troops in 
Middle East; Isolation of virus from human 
feces, 386 

present day trends in psychiatry, 160 
psychiatry and demobilization, 395 
psychoneuroses in nillitary psychiatry, 75 
unusual case of cerebral malaria, 388 


Mllowsky, 3 . L. : Causalgla ; preliminary report of 
9 cases in which treatment with surgical and 
chemical interruption of sympathetic pathways 
was successful, 448 

Mind, Diseases: See Dementia Precox; Insanity; 

Mental Diseases ; etc. 

Mites : See Encephalitis 

Mongolism, clinical aspects of so-called mongolian 
Imbecility, 450 

Monsters, cephalic: cyclocephalon and hypertrophied 
structures in brain of child with multiple facial 
malformation, 444 

Moore, M. T. : Neonatal toxoplasmosis, 247 
Morale, 77 

Morel-Morgagnl Syndrome : See Cranium ; Frontal 
Bone 

Morgagnl-Stcwart-Morel Syndrome : Sec Cranium ; 
Frontal Bone 

Morons ; See Feeblemindedness 
Morquio’s Disease : See Dyschondroplasla 
Jlotoneurons : See Neurons 

Mouth, vitamin B deficiency with reference to men- 
tal and oral manifestations, 319 
Movements : Sec also Sluscles 

experimental analysis of functions of basal ganglia 
in monkeys and chimpanzees, 385 
mode of representation of movements in motor 
cortex with reference to "convulsions beginning 
unilaterally," 235 

synkinetic pupillary phenomena and Argyll Robert- 
son i)upll, *418 

Muscles, costoclavicular compression of subclavian 
artery and vein; -relation to scalenus antlcus 
syndrome, 239 
Fatigue; See Fatigue 
Paralj-sis : See Paralysis 
scalenus anticus syndrome, ICl 
Myelitis : See also Encephalomyelitis 
complicating measles, *309 

subacute neurotic • myelopathy ; fatal myelopathy 
of unknown origin, 388 
Myelopathy; See Spinal Cord 
Myocardium : See Heart 

Narcolepsy: See under Sleep 
Narcosis : See Anesthesia 
Nasal Sinuses : Sec Sinuses, Nasal 
Naval Medicine : See also Aviation and Aviators : 
Hospitals; Military Medicine; etc. 
acute emotional disturbances in torpedoed seamen 
of Merchant Marine who arc continuing at sea, 
76 

nervous breakdown in Navy; domestic difficulties 
as causal factor, 320 

psychiatric experience on naval hospital ship, 159 
psychiatry in Navy, 76 

Neck, pain referred to face, neck, upper extremity 
and chest due to lesions in ear, 158 
Necrosis : Sec Brain 

Nerves : See also Nervous System ; Neuralgia ; 

Neuritis ; Paralysis 

blood supply of nerves of upper limb In man, *91 
cell number and cell size in ectoderm during 
neurulation (Amblystoma maculatum), 310 
Cells : See Neurons 

electrical activity of regenerating nerves in cat, 
153 

facial, repair (by anastomosis) of peripheral in- 
juries of, 444 

further experimental evidence against "neuro- 
tropism" in nerve regeneration, 315 
neural differentiation of ectoderm through expo- 
sure to saline solution, 315 
peripheral; early diagnosis of peripheral nerve 
Injuries In battle casualties, 389 
peripheral surgery; technical considerations, 390 
pigmentary degeneration of retina and nerve type 
of deafness, 238 

roots ; polyradiculoneuritis with albuminocytologlc 
dissociation; pathoanatomic report of 3 cases, 
•185 

roots; selectivity of nerve fibers from dorsal and 
ventral roots in development of frog limb, 316 
Sciatica ; See Sciatica 
Spinal : See Nerves, roots 
transplantation, 238 

trigeminal; erosion of ala nasi following trige- 
minal denervation, 158 

Nervous System : See also Brain ; Cerebellum ; 
Nerves ; Neurons ; Reflex ; Spinal Cord ; etc. 
Blocking : See Anesthesia 

central nervous system complications arising from 
diseases of blood forming tissues, 442 
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Kcrvous System— Cojitlmicil 

chronic chloroform polsonlnR; clinical nml patho- 
logic report of ease, *(>8 
detection of latent extensor plantar reflex. l.')2 
Dlsense.s: Sec also Kpllepsy : Mental Diseases; 

Neuritis : Neuroses and I’syclioneuroscs ; etc. 
disca.ses: mcnlnpltis duo to infection wltli Torula 
histolytica ; report of case, . 
disturbances in sleep mcclianism ; cllnlcopatholoKlc 
study, 79, *399 

hyperthernda following injury of preoptlc region ; 
report of case, 'DIO 

Interaction of neighboring libers In myelinated 
.nerve, 133 

lipoma in quadrigeminal plate with liydrocephalus ; 

report of ease, 233 
major studies on fatigue, 75 

neurohlstologic findings In experimental electric 
shock treatment, 134 

studies on pain ; “spread of pain" ; ovldoucc on 
site of spread witliin neuraxis of effects of 
painful stimulation, *257 
Surgery: Setf Drain, surgery; etc. 
vasothromhosls of central nervous system; char- 
acteristic vascular syndrome caused by pro- 
longed state of vnsoi)aralysls, *171 
Nervousness ; See Nctiroses and Psyclioncuroses 
Neubuerger, K. T. : Coagulation necrosis in brain, 
233 

Neuralgia; causalgla ; preliminary report of 9 cases 
in which treatment with surgical and chemical 
interruption of sympathetic patliways was suc- 
co.ssful, 418 

causalgla ; report of recovcr.v following relief of 
emotional stress, *222 
Neuraxis; See Nervous System 
Neuritis, localised, of shoulder girdle, 238 
Lumbosacral: Sec Sciatica 

neurologic complications of serum and vaccine 
therapy, 389 

Ncuroflbromatosls : anxiety; alopecia areata; auric- 
ular flbrlliatlon, 320 

Neurology: Sco Nerves; Nervous System; Neuro- 
psychiatry ; Neuroses and Psyclioneuroses ; etc. 
Neurons, alterations in brain structure after as- 
phyxiation at blrtii ; exporlmental study In 
guinea pig, 154 

cell number and cell size in ectoderm during 
neurulation (Ambl.vstoma maculatum), 31C 
effects of peripheral factors on proliferation and 
differentiation In spinal cord of chick embryos, 
310 

physiologic neuronography of some corticosubcor- 
tlcal connections In clilmpanzee, 380 
Neuropsychiatry : See also Psychiatry ; War ; etc. 
neuropsychiatric view of German culture, 230 
psychiatric experience on naval hospital ship, 159 
Neuroses and Ps 3 'choneuroses : See also jfental 
Diseases; Nervous System, diseases; Plioblas; 
etc. 

homosexuality, transvestitism and psychosis ; study 
of patient treated with electric .shock, 84 
mental symptoms following head Injury ; statlslcal 
analysis of 200 cases, *.34 
nervous breakdown in Navj' ; domestic difficulties 
as causal factor, 320 
neurotic reactions In parachutists, 318 
Pretraumatlc personality and psychiatric sequelae 
of head Injury ; categorical pretraumatlc per- 
sonality status correlated with general psychi- 
atric reaction to head injury based on anal- 
ysis of 200 cases, *358 

Prolonged case of grief reaction treated by elec- 
tric shock, 237 • ' 

psychiatric problems In conservative treatment of 
ulcerative colitis, 322 
Psychoneuroses in military psj’chlatry, 75 
return of virility after prefrontal leukotomy, with 
enlargement of gonads, 442 
vitamin B deficiency with reference to mental 
and oral manifestations, 319 
Neurosurgery : See also Brain, surgery 
American neurosurgeons Invited to Plrst South 
American Congress of Neurosurgeons, 90 
Neurosyphllls ; See Dementia Paralytica 
Neurotropism : See under Nerves 

Newborn Infants : See Infants, newborn 
NIssl Granules : See Neurons ' 

Nitrogen,' nonproteln nitrogen and protein concen- 
trations of serum and spinal fluid In shock, 153 


Nose, Accessory Sinuses: See Sinuses, Nasal 
discharge: cerebrospinal rhlnorrhea ; surgical re- 
pair, 77 

dlscliarge ; surgical management of compound de- 
pressed fracture of frontal sinus, cerebrospinal 
rhlnorrhoa and pncumocephalus, 443 
erosion of ala nasi following trigeminal denerva- 
tion, 158 

head Injuries Involving air sinuses (with cerebro- 
spinal rhlnorrhea), 388 

hemorrhage; hereditary familial telanglecta'sis with 
eplstaxls and migraine, 388 
Injuries of facial portion of skull in wartime and 
in peacetime, 445 

Nucleus Dentatus: Sec under Cerebellum 
Lateralis Medullac: See Medulla Oblongata 
Pulposus : See Spine, intervertebral disks 
Nutrition ; See Vitamins 
Nymphomania : See Erotomania 

• Oborndorf, C. P. : Narcolepsy as psychogenic symp- 
tom, 79 

Obituaries; 

Burr, Charles W., memorial to, 161 
Hammond, Graeme Monroe, 73 
Ziegler, Lloj’d Hiram, 313 

Obsessions; See also Dementia Precox; Neuroses 
and Psj’choneuroscs 

Intelligence following prefrontal lobotomy In obses- 
sive tension states, 244 
Old Age, progressive cerebral Ischemia, 320 
Oldberg, E. : Injuries of vertex of skull with 
reference to paracentral lobules of brain, 89 
Oligophrenia : Sec Feeblemindedness. 

Olivary Body: See Medulla Oblongata 
Oljenlck, I. W. ; Displacement of pineal gland witli 
extradural hemorrhage, *311 ; correction, 398 
Ollier's Disease: See Dyschondroplasia 
Oi)hllinlmoplegla : See Eyes, paralysis 
Optic Thalamus: See Thalamus 
Osgood. C. W. ; Complication of prefrontal lobolomv, 
395 

Edema and trophic disturbances of lower extrem- 
ities complicating prefrontal lobotomy, *262 
Osier’s Disease; See Telangiectasis 
Osteochondrodystrophy : See Dyschondroplasia 
Osteomyelitis of frontal bone, 239 
Oxygen : See also Respiration 
utilization by brain in traumatic shock, 153 

Pabclla. B. L. : Electroencephalographic changes In 
case of subarachnoid hemorrhage, *232 
Sequelae and complications of convulsive shock 
therapy, 82 

Pain, referred head pain and its concomitants, 156 
referred to face, neck, upper extremity and chest 
due to lesions in ear, 158 
studies on pain ; "spread of pain” ; evidence on 
site of spread within neuraxis of effects of pain- 
ful stimulation, *257 
Palsy ; See Paralysis 
Pancoast Syndrome: See Lungs, cancer 
Parachutists : See Aviation and Aviators 
Paralysis : See also Extremities, paralj’sis ; Byes, 
paralj’sls ; Hemiplegia : Poliomyelitis 
abducens ; herpes zoster ophthalmicus ; 2 rare 

manifestations, 238 

cranial nerve palsies with herpes following general 
anesthesia, 389 

Familial Periodic : See Extremities, paralysis 
General : See Dementia Paralj’tlca 
Infantile : See Poliomyelitis 
Periodic : See Extremities, paralysis 
temperature effects on reflexes of Isolated spinal 
cord; heat paralysis and cold paralysis, 74 
Paramyoclonus multiplex, histologic changes in case 
of, 255 

Paranoia : See Dementia Precox ; Insanitj’, delu- 

sional 

Paraplegia ; See Extremities, paralysis 
Paresis : See Dementia Paralytica 
Parietal Lobe : See Brain 
Parrot-Marie Disease : See Achondroplasia 
Payne, R. L., Jr. : Causalgla ; report of recovery 
following relief of emotional stress, *222 
Penicillin, Therapy : See Meningitis ; Torulosis ; etc. 
Peptic Ulcer at Fort George G. Meade, Marj-land, 

76 

Perception: See also Sensation; etc. 
primitive habits and perceptual alterations in 
terminal stage of schizophrenia, *378 


s 
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Perception — Continued 

study of pnosls, praxis and language following 
section of corpus callosum and anterior com- 
missure, 317 

Periarteritis nodosa with decerebrate rigidity and 
extensive encephalomalacia In 5 year old child, 
251 

Personality, guardhouse Inmate, with brief descrip- 
tion of ‘‘psychopathic personality,” 157 
• pretraumatic, and psychiatric sequelae of head in- 
jury ; categorical pretraumatic personality 
status correlated with general psychiatric re- 
action to head Injury based on analj'sis of 200 
cases, *358 

Phantom Limb : See Amputation 
Phobias : See also Neuroses and Psychoneuroses 
remarks on common phobias, 319 
Phonation ; See Speech 
Pick's Disease : See Brain, atrophy 
Picrotoxin Therapy : See Barbital and Barbital 
Derivatives 

Pineal Gland, displacement with extradural hemor- 
rhage, *311 ; correction, 398 
Plasmodium : See Malaria 

Pneumocephalus, surgical management of compound 
depressed fracture of frontal sinus, cerebrospinal 
rhinorrliea and pneumocephalus, 443 
Pneumococci : See under Meningitis 
Poisons and Poisoning: See under names of various 
substances, as Barbital and Barbital Derivatives ; 
Bromide and Bromine ; Carbon Disulfide ; Chloro- 
form ; etc. 

Polioencephalitis : See Enccplmlitls 
Polioencephalomyelltis : See Encephalomyelitis 
Poliomyelitis : See also Encephalomyelitis 
attempts to isolate poliomyelitis virus from urine, 
238 

epidemic- in Zurich in 1937, 388 

in British and American troops in Middle East; 

isolation of virus from human feces, 386 
treatment of epidemic experimental poliomyelitis 
with poliomyelitis antistreptococcic serum ; sum- 
mary of results, 235 ' 

Poliak, A. : Subdural suppuration originating in 
purulent leptomeningitis, *144 
Polycythemia, neurogenic; report of case, 251 
Polyneuritis: See Neuritis, multiple 
Polyradiculoneuritis : See Nerves, roots 
Poppen, J. L. : Frontal lobotoray, 324 
Porencephaly : See Brain, cysts 
Praxis: See Perception 

Pressure, paralysis of nerve induced by direct pres- 
sure and by tourniquet, 88 
Preston, G. H. : Psychiatry and demobilization, 395 
Pringle’s Disease: See Sclerosis, tuberous 
Prisons and Prisoners, guardhouse inmate, with 
brief description of ‘‘psychopathic personality," 
157 

Proteins in Blood : See under Blood 
in Cerebrospinal Fluid : See under Cerebrospinal 
Fluid 

nonprotein nitrogen and protein concentrations of 
serum and spinal fluid in shock. 153 
Psychiatry ; See also Crime and Criminals ; Hos- 
pitals ; Insanity ; Jlental Diseases ; Neuropsy- 
chiatry ; Psychoanalysis ; Psychology ; Psycho- 
therapy ; War ; etc. 
and demobilization, 395 
in Navy, 76 

present day trends in, 160 

psychiatric experience on naval hospital ship, 159 
psychoneuroses in military psycliiatry, 75 
relation of dermatology to, 320 
Psychoanalysis: See also Psychotherapy 
genuine epilepsy, 156 
narcolepsy as psychogenic symptom, 79 
neurotic reactions in parachutists, 318 
psychiatric problems in conservative treatment of 
ulcerative colitis, 322 
remarks on common phobias, 319 
types of female castration reaction, 237 
Psychology : See also Mental Tests ; Personality ; 

War ; etc. 

narcolepsy as psychogenic symptom, 79 
phenomenon of visual extinction in homonymous 
fields and psychologic principles involved, *29 
Psychoneuroses : See Neuroses and Psychoneuroses 
Psychoses: See Mental Diseases; Neuroses and 

Psychoneiuroses : etc. 

Psychotherapy: See also Psychoanalysis 
present day trends in psychiatry, 160 
Pulmonary Sulcus : See Lungs, cancer 
Pupils, synkinetic pupillary phenomena and Argyll 
Robertson pupil, *418 


Purpura, fulminating meningococclc infection (Wa- 
terhouse-Friderichsen syndrome), 321 
Waterhouse-Friderichsen syndrome, 387 
Pyramidal Tract, human; correlation of Babinski 
sign and pyramidal .syndrome, *375 
Pyrexia : See Fever 

Radiations; See Roentgen Rays 
Radlculoneurltls : See Nerves, roots 
Ray, B. S. : Studies on pain ; ‘‘spread of pain" ; 
evidence on site of spread within neuraxis of 
effects of painful stimulation, *257 
Raynaud's Disease, mechanism and treatment of, 
439 

Reaction Time, effect of sodium amytal and amphet- 
amine sulfate on mental set in schizophrenia, 
*365 

Recklinghausen’s Disease: See Neurofibromatosis 
Reconditioning: Sec Rehabilitation 
Recruits : See Military Medicine 
Rcdllch, F. C. : Denial of blindness by patients 
wltii cerebral disease, *407 
Reflex, Carotid : Sec Carotid Sinus * 
conditioned .aversion treatment of chronic alco- 
holism ; preliminary report, 85 
detection of latent extensor plantar reflex, 152 
hindbrain and early development of behavior in 
frogs, 385 

human pyramidal tract ; correlation of Babinski 
sign and pyramidal syndrome, *375 
temperature effects on reflexes of Isolated spinal 
cord ; heat paralysis and cold paralysis, 74 
Refrigeration : See Cold 
Regeneration: See also under Nerves 
embryonic grafts in regenerating tissue; behavior 
of transplants during host metamorphosis in 
Rana plplens, 315 

methods of Initiating limb regeneration in adult 
Anura, 315 

Rehabilitation : See also Hospitals ; Mllltar.v Medi- 
cine : Neuroses and Psychoneuroses ; Thorax ; 
etc. 

cancellation of Midwest Conference on Rehabilita- 
tion, 1C3 ■ 

Rendu-Osler Disease: See Telangiectasis 
Respiration, hyperpnea ; tonic and clonic responses 
of cerebral cortex following hyperventilatiofi, 
317 

Rcstiform Body : See under Medulla Oblongata 
Retina, atypical Lindau’s disease, 155 
distribution of cholinesterase In bovine retina, 74 
hemangioblastoma of medulla (Lindau’s disease), 
442 

Retinitis pigmentosa ; pigmentary degeneration of 
retina and nerve type of deafness, 238 
Rhinorrhea : See Nose, discharge 
Ribs, costoclavicular compression of subclavian artery 
and vein; relation to scalenus antlcus syndrome, 
239 

scalenus antlcus syndrome, 161 
Richardson, W. P. : Cerebral malaria ; electroen- 
cephalographic study, 84 

Richter, R. B. : Degeneration of basal ganglia due 
to chronic carbon disulfide poisoning in mon- 
keys, 446 

Encephalitis affecting basal ganglia in monkeys, 
254 

Rigdon, R. H. : Lesions in brain associated with 
malaria ; pathologic study on man and on experi- 
mental animals, *191 

Rigidity, periarteritis nodosa with decerebrate rigidity 
and extensive encephalomalacia in 5 year old 
child, 251 

Roentgen Rays, characteristic roentgenographlc 
changes associated with tuberous sclerosis, *199 
Therapy : See under names of organs, regions 
and diseases 

Rorschach Test: See Mental Tests; Personality 
Rosenbaum, M. : Delirium ; electroencephalographie 
changes associated with acute alcoholic intoxica- 
tion, *44 

Sailors : See Naval Medicine ; Shipwrecks ; etc. 

Sanatoriuras : .See Hospitals 

Savitsky, N. : Divergence paralysis and head trauma, 
•135 

Electroencephalographie changes in case of sub- 
arachnoid hemorrhage, *232 
Scalenus Antlcus Syndrome : See Muscles 
Schegloff, B. : Electroencephalographie findings In' 
cases of bromide intoxication, *431 
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Sclieinkcr, I. Jf. : Trflnstrnlorlal lierniation of 
brain’ stem; characteristic clInlcopatholoRlc syn- 
drome: pathoKcnesls of liemorrliaccs In brain 
stem, ’SSn 

Yasothrombosls of central nervous system : char- 
acteristic vasctilnr syndrome caused by prolonjred 
state of vasoparalysls. *171 
Schizophrenia; See Dementia Drecox 
Sciatica, treatment; essay in dehunklnc, SflO 
Sclerosis, multiple, electrocnccplialonraphlc and 
pneumoenceplialoRraphlc studies of, 2-10 
tuberous, associated wlfli cliaractcrtsttc roenlRono- 
Kraphic ciianpes, ‘Iti.'i 

Scopobaminc : detection of latent extensor plantar 
reflex, 152 

Scotoma : visual disturbances produced by bilateral 
lesions of occipital lobes wifli central .scotomas, 
•1C5 

Senile Plaque : See Sclerosis 
Senility: See Old Ape 

Sensation: See also Pain; Taste: Vll)ratton : etc. 
studies on pain; "spread of pain": evidence on 
site of spread witliln neuraxls of effects of 
painful stimulation, *257 

Senseman, L. A.; Mvelitis coiuplicatlnp measles. 

Septum Pelhicidum : See \inder Drain 
Serum Sickness; See Annpliylaxls and Allcrpy 
Sex, electroencephalopraplitc evaluation of primary 
behavior disorders in clilldren ; correlations with 
ape, sox, family history and antecedent Illness 
or injury, *135 

perversion; homosexuality, transvcsilf Ism and psy- 
chosis; study of patient treated udlli electric 
shock, S4 

Sherman, M. ; Cerebral malaria; olcctrocnceplialo- 
prapliic study. .SI 

Shimizu. K.: Effects of Implanlallnn of mcthyl- 
cholanthrene in brain of dop. .3!>5 
ShinRle.s : Sec Dorpes zoster 

Ships, psychiatric experience on naval hospital 
ship, 15!) 

Shipwrecks, acute emotional disturbances in tor- 
pedoed seamen of Merchant Marino nlio are 
contlnulnp at sea, 70 

Shock, Anaphylactic: See Anapliylaxis and Al- 
Icrpy 

Electric; Sec Dementia Precox; Electrotherapy; 

Epilepsy: Jfental Diseases; etc. 

Emotional : See Emotions 

nonprotcln nltropen and protein concentrations 
of serum and spinal fluid in shock. 153 
utilization of oxypen by brain in traumatic shock, 
153 

Shoulder, localised neuritis of shoulder pirdle. 238 
Simon. H. E. ; Propressivc hemiatrophy of face, 
*437 

Sinper, M. M. : Effect of sodium amytal and am- 
phetamine sulfate on mental set in schizophrenia. 
*305 

Sinuses. Easal;_head injuries Involvlne air sinuses 
(with cerebrospinal rhinorrhea) , 388 
Skin: See also Dermatolopy; Sensation 
embryonic prafts in repeneratinp tissue ; behavior 
of transplants durinp host metamorphosis in 
Dana pipiens, 315 
Skull ; See Cranium 

Sleep, disturbances in sleep mechanism ; cllnieo- 
patholopic study; lesions at cortical level, 7?). 
*399 

narcolepsy as psychopenic symptom. 79 
Sleepinp Sickness ; See Encephalitis 
Smolik, E. A. : Prefrontal lobotomy in treatment of 
chronic psychoses with reference to section of 
orbital areas only, *125 

Snyder, .T. E. : Menlnpitis due to Infection with 
„ Torula histolytica ; report of case, 392 
social Service, mental deficiency as community prob- 
lem, 449 

Societies, Association for Research in Nervous and 
•Mental Diseases, 90 

Boston Society of Psychiatry and Neurolopy, 452 
cancellation of annual meeting of American Neu- 
rolopical Association, 398 

^ Q South American Congress of Neurosurgeons, 

yu 

Society Transactions: 

American Association of Neuropathologists, 248 
^°pion Society of Psychiatry and Neurology, 322, 
449 

Chicago Neurological Society. 87, 325, 446 
luinois Psychiatric Society. 84 


Society Transactions — Continued 
MIcliIgan Society of Neurology and Psychiatry, 
395 


New York Academy of Medicine, Section of Neu- 
rology and Psychiatry, and New York Neuro- 
logical Society, 79, 240 

Pldladelphla Neurological Society, IGl, 244, 391 
Phllndclphla P.sychiatric Society, 159 


Sodium Amytal ; Sec .also Anesthesia 
amytal ; elTcct of sodium amytal gnd amphetamine 
sulfflic on mental set in schizophrenia, *365 
Dlphenylhydantolnatc : See Mental Diseases 
Soldiers ; See Military Medicine ; Neuroses and 
P.s.vchoncu roses : etc. 

Somcrfold-Zisklnd, E. : ;Mctrazol and electric con- 
vulsive therapy of affective psychoses ; con- 
trolled scries of observations covering period of 
T> years, *212 
Somnolence: See Sleep 

Spasm: Sec also Convulsions; Epilepsy; etc. 

• hemifacial ; review of lOG cases, *205 
Speech, reeducation of aphasic patient, 394 
Spclgcl, I. ,T. : Causalgla ; preliminary report of 9 

cases In which treatment wltli surgical and 
clicmical interruption of sympathetic pathways 
was successful, 448 

Spiegel, h. A. : Narcolepsj' as psychogenic symptom, 
79 

Spinal Cord : See also Meninges ; Nervous System ; 
Pyramidal Tract; etc. 

ciTccts of periplicral factors on proliferation and 
dlfi’ercntiatlon in spinal cord of chick embryos, 
.316 

Inflammation : See Myelitis 

intrnspinal lipomas : report of cases ; review of 
literature, and clinical and pathologic study, 

*1 

lateral spinothalamic tract and associated tracts 
in man. *423 

lesions of cauda equina caused by rupture of in- 
tervertebral disk. 395 

studios on pain; "spread of pain”; evidence on 
site of spread within neuraxis of effects of paln- 
Dil stimulation, *257 
Spinal Fluid : See Cerebrospinal Fluid 
Spine, Intervertebral , disks ; herniation of cervical 

• Intervertebral disks. 87 

intervertebral disks. lesions of cauda equina caused 
bv rupture of, 895 

Intorvcrteliral disks : results of surgical removal 
of protruded lumbar intervertebral disks, 388 
radlograpbic control for paravertebral injection of 
.nlcoliol in angina pectoris, 77 
traumatic spinal arachnoiditis ; report of 2 cases, 
157 

Spinothalamic Tract : See Medulla Oblongata : 

Spinal Cord; Thalamus 

Spitz, E. : Subdural suppuration originating in 
purulent leptomeningitis, *144 
Status Eplloptlcus : See under Epilepsy 
Steelman, H. F. ; Carcinoma of uterine fundus 
witli metastasis to brain ; report of case, *218 
Stern, F. D. : Electroencepbalographic changes in 
case of sub, arachnoid hemorrhage, *232 
Stcwart-Morel Syndrome ; See Cranium ; Frontal 
Bone 

Stllbestrol ; See Estrogens 
Stimulation : See Nervous System 
Stomach, Ulcers ; See Peptic Ulcer 
Stools : See Feces 

Streptococci, Antiserum : See Poliomyelitis 
Subarachnoid Space ; See Meninges 
Subdural Spaces : See Meninges 
Sugar in Blood : See Blood sugar 
Suggestion ; suggestibility and hysteria, 157 
Sulfadiazine : See Meningitis ; Meningococci ; Sul- 
fonamides ; etc. 

Sulfonamides, encephalopathy, nephrosis and renal 
granuloma following sulfonamide therapy, 441 
Therapy : See Meningitis ; etc. 

Sunderland, S. ; Blood supply of nerves of upper 
limb in man, *91 
Suprarenals : See Adrenals 

Surgery: See -under organs and regions, as Brain, 
surgery ; Spinal Cord ; etc. 

Syncope, vasopressor and carotid sinus syncope ; 
clinical, electroencepbalographic and electro- 
cardiographic observations, 385 
Synkinesis : See Movements 

Szanto, P. B. : Chronic chloroform poisoning ; 

clinical and pathologic report of case, *68 
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Taste, experimental liypogeiisia from Horsley-CIar-ke 
lesions of tiiaiamiis in Macacca mulatta, 38G 
Tedeschi, C. G. : Cerebral Injury by blunt mechanical 
trauma ; reference to effects of repeated impacts 
of minimal intensity; observations on experimen- 
tal animals, *333 ' 

Telangiectasis, hereditary familial, with eplstaxls 
.and migraine, 388 

Temperature effects on reflexes of Isolated spinal 
cord; heat paralysis and cold paralysis, 74 
Tension, intelligence following prefrontal lobotomy 
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lobotomy in obsessive tension states, 244 
Weight: See Body, weight 
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apy of affective psychoses ; controlled series 
of observations covering period of 5 years, *212 
£!ona : See Herpes zoster 




